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(54) Title: A CELL THERAPY METHOD FOR THE TREATMENT OF TUMORS 

(57) Abstract: T cell responses are often diminished in humans with a compromised immune system. We have developed a method 
to isolate, stimulate and expand naive cytotoxic T lymphocyte precursors (CTLp) to antigen>specific effectors, capable of lysing 
tumor cells in vivo. This ex vivo protocol produces fully functional effectors. Artificial antigen presenting cells (AAPCs; Drosophila 
melanogaster) transfected with human HLA class I and defined accessory molecules, are used to stimulate CD^ T cells £rom both 
normal donors and cancer patients. The class I molecules expressed to a high density on the surface of the Drosophila cells are 
empty, allowing for efiBdent loading of multiple peptides that results in the generation of polyclonal responses recognizing tumor 
cells endogenously expressing the specific peptides. The responses generated are robust, antigen-specific and reproducible if the 
peptide epitope is a defined immunogen. This artificial antigen expression system can be adapted to treat most cancers in a significant 
majority of the population. 



wo 02/065992 PCT/US02/05748 



Tims OF THE INVENTION 
A CELL THERAPY METHOD FOR THE TREATMENT OF TUMORS 

' 1. . . ■ . 

BACKGROUND OF THE INVENTIQN 

5 Cancser contmues to be a m^or healtti problem, despite significant progmss made in ttie 
axea of treatment The standaixl treatment regimes of chemofiieia 
surgical intervention and combinations of the three, often fail to produce a long lasting 
cure. In many cases, tihe cancer patient having undergone the treatment often relapses 
back to the disease condition after some period of time, further exacerbating the problem, 

10 is the severity of these treatment regimes to the patient 

Another factor complicating development of a cancer treatment is tliat cancers have been 
found to be catised not by a single biological agent or factor, but rather by a combinatiQn 
of agents and factors. Unlike most medical treatments where a single causative agent or 
15 event is the focus of the treatment, cancer therapy requires addressing a plurality of 
biobgical Actors. 

In recent years, research has been directed to developing cancer therapies that utilize the 
patient^s own immune system. One such approach is adoptive immunoiherapy. 

20 Adoptive immunotherapy calls for using the patient's own cells to generate C5iDtoxic T 
lymphocytes (CTLs) to treat a tumor or cancerous cells. However, this technique 
remains largely tmproven as a viable dihical treatment regime for hiunan patients. 
Aside from the problem of identifying the proper epitopes with which to immunize the 
CTL's, the current technology does not provide for a meftiod of presenting a sufficient 

25 nimiber of different epitopes to APCs in order to adequately targpt multiple antigens to 
effectively treat the cancer. The present invention fulfills tmmet needs, as well as 
providing ottier benefits. 
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SUMMARY OF THE INVENTION 

The piesent invention provides a nonHnaturaDy oocurring antigov-piresenting oell 
(nnAPQ capable of presenting up to ten oar more dUBGeient peptides simultaneotisly, 
metiiods of xnanufiacturtng rmACP, methods of using said nnACP for tiie treatment of 
5 cancer. 

BRIEF DESCRIFnON OF THE DRAWDJCS 

Figure 1: This figure is a graphic depiction of tiie interaction between CD8t oells^ 
also known as cytotoodc T lymphocytes witii antigen-presenting cells or 
10 target cells, in this case tumor ceQs. 

Figure ^ Panels A and B: 

This figure is a two panel graphical depiction of mechanisms of 
lymphocyte-mediated c]ix>sis. 

15 

Figure 3: This figure shows ihe result of an experiment where several different 
peptides were tested in a competition assay to identify peptide binders 
that could be used to load multiple peptides onto DrosaphUa cells 
expressing human empty class I molecules. 

20 

Figure 4, Panels A, B and C 

This figure shows fhe result of an experiment where tiiree melanoma 
peptides were tested for Ihe ability to raise CTLs when added as single 
epitopes on Drosop/ttZa cells. In a single donor, CTL activity was elicited to 
25 each of the peptides when added alone to tluee different DrosophUa 

preparations. The specificity of the response was compared witii control 
peptide, a hig^ affinity binder. 
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Figure 5, Pands Ay B and O 

This figure shows lite lesults of a series of expe^^ 
diffexent peptides were added to sing^ DrosophOa cells. CTL activity in 
each of Ihe represented peptides was seen after a tfaiee-week stimulation 
5 . protocol and is graphically depicted in this figuie. 

Figoie 6, Panels A, B and C 

This figure shows CTL activity after three different primary in vitro 
stimulation protocols. 

10 

Figure 7r Panels A and B: 

This figure compares ttie ability of DrosophUa cells versus dendritic cells to 
elidt CTL responses to a single peptide epitope following standard 
stimulation protocols. 

15 

Figures: This figure shows that the dendritic cells displaying either mature or 
immature phenotjrpe was not as eiffident as Drosopfdla cells in elidting 
specific CIL responses when defined peptides were used to ptilse d^ 

20 Figure 9, Panels A, B and C 

This figure shows CTL activity generated by a single donor to three 
different in vitro stimulation protocols presenting four peptides. 

Figure 10: This figure show CTL activity generated to ten (10) peptides loaded, in 
25 combination, to DrosqpUZa cells. 

Figure 11: This figure shows tiie peptide binding capadty of the HER-2 peptides (826, 
835, 861 and 863) on the DrosophOa cells tcansfected witih the human HLA- 
A2.1 dass I molecule. 
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FiguielZ: This figiue demonstrates ilie anti-peptide and anti-tumor response for 
MART-1 specific effector cells. T2 cells were loaded with MART-l peptide 
or a negative control (HBc). MalmeSM is a melanoma line, MalmeS is a 
nonrtumor oeQ line. 

Figiue 13^ Panels A and B: 

This figuxe ahaws fiie tetrameric stedning of the HER-2 specific CDS 
e£Eector ceils fixm two different donors. 



10 Figure 14: This figure reveals the anti-peptide response for the HEBr2 effector cells 
evaluated on peptide-loaded T2 cells. 

Figure 15^ Panels, A, B, C D: 

This figure demonstrates the enhanced killing of an ovarian tumor cell line 
15 (HTB-77) when ttansfecfced with HLA-AZl. 

Figure 16: This figure shows the enhanced killing of a breast cancer cell line (HTB- 
133) v^dien transfected with HLA-A2.1 

20 Figure 17: Tlds figure shows that IFNy pre-treatment is required to demonstrate lysis 
of the tumor odl line HTB-77/ A2.1. 

Figure 18, Panels A and B: 

This graph demonstrates that the surface expression of HLA-A2 and HER- 

25 2 is unaffected by the n^Y ^ ^ ^ 

HrB-77/AZl). 

Figure 19: This graph shows vAnsii protein m^IA levels are elevated in the HTB- 
77/ All cells after an inducticm with IFNy. 
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DETAILED DESCRIFnoiNf OP THE INVENTION 

The present invention provides a xnettiod for treating a subject with cancer comprising: 

a. preparing a nonrxtaturany oocuning antigenrpresenting cell line (imAFQ/ 
wherein said nnAPC is capable of presenting up to about fifteen different 
peptide mdecules that is associated willi cancer, preferably about ten 
different peptide molecules, simullaneously where each peptide is about 
sbc to twelve amino adds in lengttv preferably about ei^ to ten amino 
addsinlengttiandinacoricentrationraiigeof aboutlQnMtolOOpM; : 

b. harvesting CD8+ cells fix>m said subject or a suitaUe donor; 

c. stimukting said CDS^cdlswifli said nnAPC cell line; ' 

d. adding said CI>8^ cells to media ihat contains a qrtokine/ sudi as, TLrl, IL- 
7 or conditioned growth medium (CGM), preferably, ILr2, or IL-2 and IL- 
7 in combination; 

e. mixing unsuspended peripheral blood monocytes, or alternatively, CD-8 
depleted peripheral blood monocytes collected from said subject or a 
suitable donor with about 10 to SO^ig/ml of a peptide; 

f. irradiating said peripheral blood monoqrte suspension witti a sufficient 
dose of y-radiation necessary to prevent proliferation of these cells in the 
suspension, such as a dose in ^ range of about 3,000 to 7,000 rads, 
preferably about 5,000 rads, alternatively, the peripheral blood 
lymphocyte suspension may be treated with cytostatic agents including, 
but not limited to, mitomycin C; 

g. isolating adherent peripheral blood monocytes; 

h. loading said adherent peripheral blood monocytes with about IQng/ml to 
lO^g/ml of said each peptide; 

L combining said CDS*^ cells with said adherent peripheral blood 
moncxytes at a ratio of about ten CD8* cells to one peripheral bl(x>d 
mcsnocyte; 
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Optionally stimiilatixtg said amihiiied suspension of CDB;*^ cells and 
peri^dieral blood monoc3rtes for about 8SX 

optionally stimulating said suspension of CD8^ csel^ 

* 'I " 

monocytes wifii ILr2 and ILr7 in media; 

optionally assaying CDS* suspension for suitable CTL activi^, and 
optiopaUy assayiiig for CIL purity, steriUty emd endc^ 
inoculating said subject witti CD8^ suspensioa 

Anottier embodiment of tiie present invention provides a method for treatinjg a subject 

with cancer comprising: 

au pre^)aring a nonrnaturaUy occurring antigen-presenting cen line ^ 

wherein said nnAFC is capable of presenting up to about fifteen different 
peptide molecules that is associated wilii cancer, preferably about ten 
peptides, simultaneously where each peptide is eigiht to ten amino adds 
inlengtiv 

b. harvestio:^ GD8^ cells from said subfect;; 

c. stimulating said CD8^ cells with said nnAFC cell line for about six to 
seven days; 

d. stimulating said CDS* cells with ILr2 and ILr7 in media; 

e. mixing peripheral blood monocytes collected £rom said subject with about 
20^g/]id of each peptide; ' 

f. irradiating said CD8-depleted peripheral blood monocyte suspension 
with about 5,000 rads of y-radiation; 

g. isolating adherent peripheral blood monocytes; 

h. . loading said adherent peripheral blood monocytes with about lOug/ml of 

saidepitope; 

i. combining said CDS* cells with said adherent peripheral blood 
monocytes at a ratio of about ten CD8+ cells tD one peripheral blood 
monocyte; 



j- 

k. 
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m. 
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j. stimuhtingsaidcatnbiitedsus^ 

moncxytes for about six to seven days; 
k. stimulating said suspension of CD8^ ceUs and perif^iexal Uood 

monocytes witti II/-2 and ILcZ in media; 
L assaying CD8^ suspension for suitable CTL activity, purity/ sterility and 

endotoxin content; and 
m. inoculating said subject witfiCDS^ suspension. 

Another embodiment of the present invention provides a mefliod for treating a subject 
ivilh melanoma comprising: 

a. preparing a non-iiaturally ocaming antigen-presenting ceU line(nnAPQ, 
wherein said nnAPC is capable of presenting up to about fifteen difile^^ 
peptide molecules that is associated with melanoma^ preferably about ten 
peptides, simultaneously vAtete each peptide is eight to ten amino adds 
in length; 

b. harvesting CD8* cells from said sublet; 

c. stimulating said CD8^ cells with said niiAPC cell line for about six to : 
seven days; 

d. stimulating said GD8* cells with ILr2 and ILr7 in medw; 

. e. iiiixing peripheral blood monocytes collected from said subject with about 
20^g/ml of each peptide said nnAPC can present 

f. irradiating said CD8-depleted peripheral blood monocjrte suspension 
with about 5,000 rads of Y-mdiation; 

g. isolating adherent peripheral blood monocytes; 

h. loading said adherent peripheral blood monocytes with about lOug/ml of 
said epitope; 

L combining said CD8^ cells with said adherent peripheral blood 
monocytes at a ratio of about ten CD8+ cells to one peripheral blood 
monocyte; 
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j. stimuhting said cxnnhiiied suspensi^ 

moincxytes for about six to seven days; 
k. stimulating said suspension of CD8^ cells and peripheral blood 

monocytes witii IL-2 and ILr7 in media; 
L assaying CD8^ suspension for suitable CTL activity, purity, steriUty and 

endotoxin ccmtent; and 
m. ' inoculatiiig said subject \vi1hCD8+ suspension. 

Another embodiment of Ihe present invention is a metfiod of treating melanoona i^^ierein 
the nhAPC presents ttie following peptides, Tyrosinase!369u377, Tyroanase207-zui, gplOQ20Ma7, 
gplO(Wi6z, MART-l27^, HER-2/neu98»797, HER-2/neu36M77, C-lectins-ic^ Fec602M9, and 
Pec60^. 

Axiotiier embo diment of the present invention is a method of treating a disease or disease 
condition that results in an insufficient or inadequate immune response that is normally 
associated with Class I HLA molecules, wherein the treatment eliminates infected or 
transfonned cells has been demonstrated to be achieved by CTLs. 
Another embodiment of the present invention is a method of treating a disease or disease 
condition that results in an insufficient or inadequate immtme response that is normally 
associated with Class I HLA molecules, wherein infected or transformed cells that have 
been shown to be susceptible to elimination by CTL are treated by the metiiod 
comprising: 

a. preparing a non-naturally occurring antigen-presenting ceU line (nnAPQ 

wherein said nnAFC is capable of presenting up to about fifteen different - 
peptide molecules that is associated with said disease or disease 
condition, preferably about ten different peptide molecules, 
simultaneously where each peptide is about six to twelve amino adds in 
length, preferably about eig^ to ten amino adds in lengtli and in a 
concentration range of about IQnM to lOOpM; 
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b. harvesting 036^ cells fiximsa^sul]]^ 

c. stimulating said CDS:^ cells wifh said nnATC 

d. adding said CDS^cdDs to media timtcontaim a cytoku^ 

7 or CGMr preferably; n>2, or ILr2 and IL-7 in comfainatioiv 

e. mixing iHisuspended peripheial blood mcnoq 

depleted perq)heral blood monocytes collected from said sufagect or a 
suitable donor with about 10 to SO)ig/ml of a peptide; 

f. irradiating said peripheral blood monocyte suspension widi a sufficient 
dose of Y-radiatLcm necessary to sterilize aU components in the suspension, 
except tiie desired per9>heral blood monocytes^ such as a dose in Ihe 
range of about to 7/XX) radS/ preferably about 5y(KX) rads; 

g. isolating adherent peripheral Uood monocytes; 

h. loading said adherent peripheral blood monocytes witti about IQng/ml to 
lO^^ml of said eadi peptide; 

L combining said CDS* cells with said adherent perifdiend blood 
monocytes at a ratio of about ten CDS* ceils to one peripheral Uood 
monocyte; 

j. optionally , stimulating said combined suspension of CDS* cells and 

peripheral blood monocjrtes for about sbc to seven days; 
k. optionally stimulating said suspension of CDS* cells and peripheral blood 

monocytes with ILr2 and IL-:7 in media; 
L optionally assajdng CDS* suspension for suitable CTL activity, and 

optioiially assaying for CTL purity, sterility and endotoxin content; and 
m. inoculating said subject with CE)8* suspension 

The present invention provides a non-naturally occurring antigen-presenting cell 
(nnAPC) derived from DrosopltHa tnelanogaster cells transfected with DNA encoding 
human class I HLA, binding, and co-stimulatoiy molecules for expressiozv wherein the 
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xmAPC is capable of presetitii^ up to fifteen dififerent peptide molecules, pidierably ten 
peptide molecules. 

Anottier embodimait of ttie present invention provides a nnAPC that presents peptides 
fliat are associated with various desired functions ttiat enhance flie treatment of the 
subject For exjunpte/ in addition to peptides associated "with the disease or disease 
condition being tieatedr the imAPC can present peptides associated with acoessbiy 
molecules such as, lymphocjrte function antigens (LFA-1, LFA-2 and LFA-3), intercellular 
adhesion molecule 1 QCAM-l), T-cell co-stimulatoiy factors (CEX^ 0028, B7) enhance 
ceU-cell adhesion or traxtsduce additional cell activation signals. 

Another embodiment of ttie present invention provides a nnAPC ttiat presents peptides 
ttiatareeissodatedwitii several types of cancers. For example, llie peptides associated or 
derived from a breast cancer related polypeptide, such as, HER-2/neu, may be presented 
with peptides associated or derived from a melanoma related polypeptide, such as, 
MAKT-XorMAGE. 

Another embodiment of the present invention provides a method for manufacturing noh- 
natuially occurring antigen-presenting cell (nnAPC) capable of presenting up to ten 
different peptide molecules simultaneously/ said method comprising of the step: 

a. preparing an insect cell line front Drosophila mehmogaster eggs; 
alternatively preparing an insect cell line for expressing human MHC 
Class I molecules and co-stimulatoiy adhesion molecules; 

b. growing said insect cells a media that is suitable for growing insect cells, 
preferably Schneider™*s Drosoplnla Medium; 

c. making a pRmHa-3 plasmid from a pRmHa-1 expression vector, where 
said pRmHa-3 plasmid includes a metallothionein promoter, metal 
response consensus sequences and an alcohol dehydrogenase gene 
bearing a polyadenylation signal isolated from Drosophila mehmogaster; 
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d. . inserting into said pRmHa.^ plasmid complemenlaiy DNA for human 

dass I HLA A2.1, V71, B7Z ICAM-1> P-2 inkroglpbttlni and LFA^/ 
wherein A2.1 can be substi.tuted wifli any human dass I DNA sequence; 

e. transfecting said insect cells with a phshneo plasmid a^ 
plasndd ccmtaining complementary DNA; an^ 

f. creating nnAPC by contacting said insect ceHs wifti CuS04 to induce 
expression of Ae transfected g^nes in said insect cells. 

The insect celb of the present invention are gro^ 

cellS/ hereinafier referenced to as "insect growth media". Insect growfh media are 
oommerdally available from a number of vendors/ sudi as, Sdineider'^s DrosopMla 
Medium^ Grace^s Insect Media, and TC-lOO Insect Media. Alternative^/ insect growfti 
media can be prepared by one of ordinary skfll in tiie art Typically tiie media will 
' indude components necessary to prom o te and sustain tiie growth of insects cdls/ such as, 
inorganic salts (for example, cakium chloride/ magnesium sulfate, potassium chloride/ 
potassium phosphate, sodium bicarbonate/ sodiimi ddoride, and sodiiim phosphate)/ 
amino adds various carbohydrate and chemical spedes (hnogene Schneider/ Exp, Zool. 
(1964) 156(1): pg. 91). , Altemativdy/ the media can also indude vitaminS/ minerals/ and 
other components that aid in the growfti of insect ceUs. 

Following is a list of abbreviations and definitions used in the present specification. 

Abbreviations 



AFC Antigen-presenting cells 

CDS* CDB+Tcdls 

CTL Cytotoxic TlymphocyiB 

, E E^ctor 

Fas Also known as CD95/ epitope on T cells 

ICAM Intercellular adhesion molecule 



PagpU 



wo 02/065992 



PCT/US02/05748 



IL Interleukin 

LAK LymplK>ldbne-a£tivated]!d]lercelk 

. LFA Ljnnphocyte function antigens 

MHC Major histocompatifaiUly complex 

nnAFC nonrnaturaUyoociinmgantigen-pi^sa^^ 

MP Nudear protein 

PBMC Peripheral blood mononuclear cell 

PBS FhospiiatB-buffered saline 

i PGR Potymerase chain reaction 

RPMI RosweD Park Memorial Bistitute 

RWIPRI The R.WjGhnsonFhannaoeuti£al Research Inst^ 

T Targpt 

TCR T cell antigen leceptor 

TIL Ttmior-infateating lymphocytes 



Following is a list of abbteviatians used in the present spedficatioh for various peptide 
epitopes. The individual amino add residues are identified according to a sing^ . letter 
(X)de tliat is readily known arui used by tiiose of ordinaiy skiU in Ite 



Amino Add 




Abbieviations 




3-Lefter 


1-Letter 


alanine 


ala 


A 


valine 


val 


V 


leucine 


leu 


L 


isoleudne 


Ue 


I 


proline 


pro 


P 


phenylalanine 


phe 


F 


tiytophan 


tyr 


W 


metiuonine 


met 


M 
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glydxie 




. G 


serixie 


ser 


S 


flireonine 


to 


T 


cysteine 


cys 


C 


iyxosine 


tyr 


Y 


asparaejne 


asn 


N 


ghitamine 


gjn 


Q 


asparticadd 


asp 


D 


ghitaniic add 


gju 


E 


lysine 


lys 


K 


arginine 


arg 


R 


histidine 


his 


H 



' Peptide Epitope Abbreviations 

As used herein the tenn "tyrosinase 369-377" or "tyrosinaseadWT?" refers to the amino add 
sequence YMNGTNfiQV (SEQ ID NQ 1). Also induded within this definitiGn is the 
peptide of the sequence YMDGTM5QV (SEQ ID NO: 2), whidi results from a post - 
translational event tiiat modifies the amino add residue "N" of sequence YMNGIMSQV 
(SEQ ID NO: 1) to "D" resulting in the amino add sequence of YMDGTMSQy (SEQ ID 
NO: 2) ^Idg^et al. J. Exp. Med. (1996) 183527-534). 

As used herein the term "tyrosinase 207-216" or "tyrosinase207^6" refers to the amino add 
sequence FIPWHRLFLL (SEQ ID NQ 3). 

As used herein the term "gplOO 209-217' or "gpl00209-2i7" refers to the amino add 
sequence ITDQVPFSV (SEQ ID NO: 4). 

As used herein the term "gplOO 154-162" or "gpl00i54-i62" refers to tiie amino add 
sequence KTWGQYWQV ^Q ID NO: 5). 
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As used herein ihe term "MART-1 27-35" or "MART-liz-as" refers to the amino add 
sequence AAGIC^TV (5EQ ID NO: 6). 

5 As used herein the term "HER-2/neu 789-797" or "HER-2/neu789^" refers to fte amino 
arid sequence GLTSTVQLV (SEQ ED NO: 7). 

As used herein the term "HER-2/neu 36^77" or "HER-2/neu3»^" refers to the amino 
arid sequence KIFGSLAFL ID NO: 8). 

10 

As used herein^ the term "C-^Iectin 8-16" or "C-lectinfroA** refers to ^ 
KMASRSMRL (SEQ ID NO: 9). 

As used herein the term "Pec60 20-29" or "Pec602iM9" refers to Ae amino arid sequence 
15 ALALAALLW(SEQIDNO:10). 

As used heieiii the term "Pec60 25-33" or "Pec6Q25^" re£^ to the amino arid sequenoe 
ALLWDREV (SEQ ID Na 11). 

20 As used herein, the term 'HZDB peptide 59-70" or "CDS peptidesg^" refers to the amino 
arid sequence of AAEGLDIQRFSG (SEQ ID NO: 12). 

Terms and Definitions 

As used hereiiv the term "adoptive immunofiierapy" refers the administration of donor or 
25 autologous T lymphocytes for the treatment of a disease or disease condition, wherein the 
disease or disease condition results in an insufficient or inadequate inuntme response that 
is normally assoriated with Class I HLA molecules. Adoptive immunotherapy is an 
appropriate treatment for any disease or disease condition where the elimination of 
infected or transformed cells has been demonstrated to be achieved by CTLs. For 
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example, disease or disease conditions indude but are not limited to cancer and/or 
tumors, such as, melanoxna, prostate, breast colo-xectal, stomadv fiiioat and nedg 
panoeatic;, cervical, ovarian, bone, leukemia and lung cancer; viral inflections, such as, 
hepatitis B, hepatidsC, human immunodeficiency virus; bacterial infections, such as 
5 tuberculosis, leprosy and listeriosis, and paraqrticinfectU^ 

As used herein, the term "B71" refers to a co-stimulatory molecule associated with 
antigen-presenting cells. 

As used heiein, ttie term "BCNU" refers to carmusiizie, also known as, lJS4iis 
10 (2chloroethyl)-l-nitrosourea. 

As used herein, the tenn "BSE" refers to bovine spongifomi enc^ 

As used herein, the term "CD" refers to dusters of diffierentiatlon, T lymf^iocytes 
15 (originally), B lymphocytes, monocytes, macrophages, and granulocytes grouped by 
antigen epitopes and function. 

As used herein, the, term "DUC" refers to dacarbazine, 5-(3AKliinethyI-l-triazeno)- 
imidazole-4-carboxamide. 

20 

As used herein, the term "ex znuo^^ or ^ex vivo therapy" refers to a therapy where biological 
materials, typically cells, are obtained from a patient or a sviitable alternate sotux^e, sudi 
as, a suitable donor, and are modified, sudi that the modified cells can be used to treat a 
pathological condition which will be improved by ttie long-term or constant delivery of 
25 the therapeutic benefit produced by the modified cells. Treatment indudes the re- 
introduction of tlie modified biological materials, obtained from eitiier the patient or from 
the alternate source, into the patient Abenefitof ex tm70 therapy is the ability to provide 
the patient the benefit of the treatment; without exposing tlie patient to undesired 
collateral effects from the treatment For example, cjrtokines are often administered to 
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patiaits with cancer or viral infections to stinnulate e)^)ansion of Ihe patient's CTLs. 
However, cytokines often cause lite onset of flu like symptoms in ttie patients, bi an ex 
vwo proceduie, cjrtokixies are used to stimulate expansion of the CTLs outside of the 
patients body/ and ttie patient is spared the exposure and ftte consequent side effects of 
5 tlie cytokines. Alternatively under suitable situations/ or conditions/ where appropriate 
and where the sulqect can derive benefit/ the subject can be treated ccmcurrenfly with low 
levd dosage of y interferon/ a interferon and/or TL-Z, The expected effect of ttie 
interferons is to possibly sensitize the tumor cells to lysis by antigen specific CTL, and the 
effect of ftie IL-2 is to possibly enhance antigen specific CTL persistence. 

10 

As used herein, ttie term "HEPES" refers to ^^2-hydroJgrettlylInperazine^N'2- 
ettianesulfbnic acid buffer . 

As used herein/ the term "HLA-A2.1" refers to a HLA Class I molecule found in 
. 15 approximately 45% of Caucasians. 

As used herein/ the term "MART-l" or ''(melanoma antigen recognized by T-CeIIs-1" 
refers to a melanomapassodated antigen. The amino add and nudeic add sequences/ as 
well as various charactoistics of this antigen are disdosed in US. Patent No. 5/994^23, 

20 issued November 30/ 1999 entitted ^Melanoma Antigens and Their Use in Diagnostic and 
Therapeutic Methods''} US. Patent No. 5^74,560, issued February 23/ 1999 entitted 
^Melanoma Antigens and Their Use in Diagnostic and Therapeutic MeOtods^^', and US. Patent 
No. 5,844/075/ issued December 1, 1998 entitted ^'Melanoma Antigens and Their Use in 
Diagnostic and Therapeutic MeOtodsJ" In particular, US. Patent No. 5/994/523 disdoses full 

25 length nudeic add and amino add sequences of MART-1 in Figure 1 as SEQ ID NO 1/ 
and SEQ ID NO: 2/ respectively. The aforementioned Figure 1 is herein incoiporated by 
reference. • 
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As iised herein/ lihe teim "MAGE" refers to a The amino 

add and nudeic add sequences/ as well as various diaradetistiks of Ihis antigen are 

disdosed in US. Patent No. 6440^0, issued October 31, 2000 entitled ""MeOtods for 

' 'I 

Determining Breast Cancer and Mdanoma hy AsMfing far a PhirdUty of Antigens Associated 
5 TheremlK'; VS. Patent No. 5,^9,783, issued June 2, 1998 entitled "AtoM of Screening for 
Cancer by Detecting Messenger SNA for a MAGB-XP Gen^} and US. Patent No. 5^662,907, 
issued September 2, 1997 entitled ""Induction (tf Anti-Tumor Cytotoxic T Lymphocytes in 
Humans Using SynOtetic Peptide Epitopes.** 

10 As used hereiiw the term '^MFC-IO" refers to a magnetic partide concentrator. 

I 

As used hereiiv Ae tenn "NK oells" refers to natural killer cells. 

As used herein, ihe term "OJOS" refers to ORTHOCLONE OICI3, murcmonab-CDS, anti- 
15 CDS monodonal antibody. 

As used herein^ the term TAP-l^" refers to Tranqxnrter Associated >viih Antigeti 
. Frooessing-1^ 

20 As used heiein, the tem^Th cells" refers to HdperTceO^ 

As used hereiiv the term, "tyrosinase" refers to a protein assodated with melanoma 
(Brichard et al., /. Exp. Med, (1993) 178:489-495; Robbins et aL, Cancer Res. (1994) 54: 3124- 
3126). U.S. Patent No. 5,843,648, issued December 1, 1998 entitled "P15 and Tyrosinase 
25 Melanoma Antigens and TMr Use m Diagnostic and Therape^ 

peptides and associated polynuddc adds related to tyrosinase in Figure 7, Parcels A to D, 
the aforementioned figure incorporated herein by reference. VS. Patent No. 5>487,974, 
issued January 30, 1996 entifled "^Method far Detecting Complexes Containing Human 
Leukocyte Antigen A2 (HLA-Al) Molecules and a Tyrosinase Derived Peptide on Abnormal 
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GeHs" disdoses an additional peptide that is associated wlti^ 
Example 9, at TaUe 3/ tlie afoiementioned incori^ 

As used herein, the tenn *'gplOO" refers to a melanoma antig^ recognized by tumor 
5 inffltratinglymjdioc3rtes(riL). The TIL \^di recognize gplOO is associated witiimt^ 

tumor rejection (Bakker et aL, /. Exp. Med. (1994) 179:1005-1(N)9; Kawakaitni et aL, /. 

Jmmunot. (1995) 1543961-3968). Antigenic peptides related to gplOO are disclosed in U£. 

Patent No. 5,994323, issued November 30, 1999 entitled **Melanonm Antigens and Their Use 

in Diagnostic and Therapeutic MeOiods^ \5S. Patent No. 5,874>560^ issued February 23/ 1999 
10 entitied ^^Melanoma Antigens and Their Use in Diagnostic and Thempeutic MeBwdsf^; and US. 

Patent No. SJMAJOTS, issued December 1, 1998 entitied ''Melanoma Antigens and Their Ube 

in Diagnostic and Therapeutic Methods.^ In particular, US. Patent No. 5,99^523 disdoses 

nucleic add and amino add sequences related to GPlOO in Figures 4 and 5, respectively. 
' Also disdosed are antigenic peptides derived from tiie amino add sequences, induding 
15 fliose identiHed as SEQ ID NOs: 27, 33, 34, 35, 36, 37, 38, 39, 40, and 41. All of the 

aforementioned Figures 4 and 5, and tiie peptides identified by SEQ ID NOs are herem 

incorporated by xeferenoed. 

As used herein, the term "melanoma" refers to, but is not limited to, melanomas, 
20 metastatic melanomas, melanomas derived from dtiier melanocytes or melanoqrtes 
rdated nevus cells, melanosarcomas, melanocardnomas, melanoepitiieliomas, melanoma 
in situ superficial spreading melanoma, nodular mdanoma, lentigo maligna melanoma, 
acral lentiginous mdanoma^ invasive mdanoma or familial atypical mole and mdanoma 
(FAM-M) syndrome. Sudi melanomas in mammals may be caused by, chromosomal 
25 afanonnalities, degenerative growth and developmental disorders, mitogenic agents, 
ultraviolet radiation (UV), viral infections, inappropriate tissue expression of a gene, 
alterations in expression of a g^ne, and presentation on a cell, or cardno^nic agents. 
The aforemmtioned melanomas can be diagnosed, assessed or treated by methods 
described in tiie present application. 
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I* 

As used heienv ttie teim "C-ledin" lefiers to a peptide of sequence tlmt has been fot^ 
to be associated witti ovarian cancer. _ 

As tised herekv the tenn '^jor histocooipatibiliiy complex!' or "MHC" is a generic 
designation meant to encompass ihe histo-compatibilit^ antig^ systems described in 
different spades, iiiduding the human leucocyte 

As used herein, tlie terms "epitope/' "peptide epitope/ "antigenic peptide" and 
^'immunogenic .peptide" tefers to a peptide derived from an antigen capabk of causing a 
cellular immune response in a mammal. Such peptides may also be reactive with 
antibodies from an animal immunized with the peptides. Such peptides may be about 
five to twenty amino acid in length preferably about eig^t to fifteen amino adds in 
lengtiv and most preferably aboutnine to toi axnino adds in length. 

As used heiein, the term "Pec60" refers to a peptide of the sequence that has been found 
to be assodated with ovarian and breast cancer. 

As used herein/ the term "analog" indudes any polypeptide having an amino add residue 
sequence substantially identical to the sequences of the present invention, specifically 
shown herein in wtiidi one or more residues have been conservatiyely substituted with a 
functionally similar residue and which displays the functional aspects of the present 
invention as described herein. Examples of conservative substitutions indude the 
substitution of one non-polar (hydrophobic) residue such as isoleudne/ valine, leucine or 
methionine for another, the substitution of one polar (hydrophilic) residue for another 
such as between arginine and lysine, between glutamine and asparagine, between glycine 
and serine, the substitution of one basic residue such as lysine, arginine or histidine for 
another, or the substitution of one addic residue, sudi as aspartic add or glutamic add or 
another. 
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As used hexeii\r tihe tenn "oxt^^ 
derivatized residue in pla(» of a lusnrde^^ 

As used herein, the tenoi "chemical derivative" refers to a subject polypeptide having one 
5 or more residues chemically derivaiized by reaction of a functional side group. 
Ex9mples of sudi derivatized molecules iodude for example, those molecules in whidi 
free amino groups have been derivatized to form amine hydrochlorides, p-toluene 
sulfonjd groups, carbobenzoxy groups, t-butyloxycarbonyl groups chloroacetyl groups 
or fonnyl gtoups. Free carixDgrl groups may be derivatized to fcnm salts, metiiyl and 

10 ethyl esters or other types of esters or hydrazides. Free hydroxy! groups may be 
derivatized to form Oacyl or Oalkyl derivatives. The imidazole nitrc^en of histidine 
may be derivatized to form N-im-benzylhistidine. Also included as chemical derivatives 
are those proteins or peptides which contain one or more naturally-occurring amino add 
' derivatives of the twenty standard amino adds. For examples: 4-hydrox3rproiine may be 

15 substituted for proline; 5-hydroxylysine may be substituted for lysine; 3-methyIhistidine 
may be substituted for histidine; homoserine may be substituted for serine; and omitfame 
may be substituted for lysine. Proteins or pol}rpeptides of the present invention also 
indude any pol3rpep|tide having one or more additions and/or deletions or residues 
relative to the sequence of a poI]q)eptide whose sequence is encoded is the corresponding 

20 nudeic sequence of the present invention, so long as the requisite activity is maintained. 

As used herein, the term "HERr2/neu" refers to an oncogene, which express or over- 
express, one or more membrane-assodated, receptor-like oncogene proteins. Among the 
cancers whidi have been found to be associated with expression or over-expression of 
25 HERr2/neu are certain breast, stomadi, ovarian colon and salivary gland cancers. The 
HER-2/neu oncogene is a member of ttie tyrosine protein kinase family of oncogenes and 
shares a high dcjgree of homology with Ae epidermal growth iactox receptor (EGFR). 
HER-2/neu has been shown to play a role in cell growth and/or differentiation. HER- 
2/ neu appears to induce malignandes through quantitative mechanisms that result from 
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increased or deregulated expression of an essentially noimal gene pixxlucL VS. Patent 
No. 6^/12^ issued June 13, 2000 entifled ^Immune Reactmiy to HER'2/neu Protein far 
Diagnosis and Treatment cf MaUgnandes in WUdh Oie HEBr2/neu Oncogene is Associated}^ 
disdoses peptides that didt CDS* T oeU respmses at ooluimi 12, ^ 
5 7, identified according to SEQ ID iiuxnbers are hezem 

HER-2/neu(pl85) is the protein produci of iheHER-2/neuonra TheHER-2/neu 
gene is amplified and the HER-2/neu protein is over-expressed in a variety of cancers 
including hreast) ovarian, colon, lung and prostate cancer. HER-2/neu is related to 

10 xnaUgnanttnmsfonnatLon. ItisfbuiidinSO% to60% of du^ 

to 40% of aU breast ciuicers, as weU as a substantial fcaction of adenoc^ 
the ovaries, prostate, colon and lung. HER-'2/iieu is intimately associated not only \vifli 
the malignant phenotype, but also with the aggressiveness of the malignancy, being 
found in one-fburlh of all invasive breast cancers. HER-2/neu over-expression is 

15 correlated Witti a poor prognosis in both breast and ovarian cancer. HER-2/neu is a 
transmembrane protein with a relative molecular mass of 185 kd tiiat is approximately 
1255 amino adds (aa) in length. It has an extracellular binding domain (BCD) of 
approximately 645 aa, wiih 40% homology to epidermal growth factor receptor (EGER), a 
higjtily hydrophobic transmembrane anchor dom£iin (TMD), and a carbox3rtenninal 

20 qrtoplasmic domain (CD) of approximately 580 amino adds with 80% homology to 
EGFR. 

Ongoing researdi involving oncogenes has identified at least forty oncogienes bpemtive 
in malignant cells and responsible for, or assodated wilh, transformation. Oncogenes 
25 have been classified into different groups based on the putative function or location of 
their gene products (such as the protein expressed by the oncogene). Oncogenes are 
believed to be essential for certain aspects of nornul ceUular physiology. 
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Cancer cantinues to be. a major health problenw despite significant progress made in ttie 
area of treatoient The standard teatoient regimes of chemoiherapy, ^ 
surgical intervention and combinations of the tiiree, often faai to produce a long lasting 
cure. InmanycaseS/ the caiuser patient having tmdergqnetiie treatment oi^ 
5 bade to Ihe disease condition after some period of time/ further exacerbatm 

is the severity of tihese treatment regiines to the patient Ixi the instance of melanoma, a 
cure for metastetic melanoma has not been achieved using conventional chemotherapy. 
Response rates of 35% to 50% have been reported with the Dartmoulfa regiinen of 
combination chemofherapy (DTIQ ds-platixv BCNU and tamoxifen), but tlie duration of 
10 survival has remained at six to ten montiis. High rates of remission l^ye beeii reported 
for aggressive 'lugh dose intaisit/' diemotiherapy and repletioii of hematopoeisis witii 
autologous bone marrow transplants. Nevertheless/ tiie median duration of survivsd was 
shorty approximately four months. 

15 Rosenberg and colleagues have attempted to use infusion of activated lymphocytes as a 
treatment for various cancers. Initially/ lymphokine-actxvated killer cells (LAK) and later 
tumor-infiltrating lymphocytes (TIL) activated ex vivo with ILr2 were used, but evidence 
for efficacy is equivocal. In fact, controlled dinical trials have failed to show an 
advantage to the use of ex vivo-activated cells over direct administration of TL-2 to 

20 patimts. Thus, the benefits of lAJK and TH^ therapy are roargiiial/ and the side effiectsai^ 
typically so severe that many trials have been discontinued prematurely. 

Studies in motise tumor models have demonstrated that adoptive ixxmiunotherapy/ in 
invo immunization of T cells specific for a tumor antigens(s)/ is veiy efficacious with 
25 minimal toxicity. A major obstacle to applying this strategy to the treatment of human 
tumors is the identification of immunogenic antigens tliat render the tumor cells 
susceptible to cytotoxic T l)rmphoc3rte (CTL)-mediated destruction. The isolation of 
tumor-reactive T cells from melanoma patients luis led to tiie identification of some of the 
tumor antigens (epitopes) against whidi CTLs are directed. These indude tyrosinase 
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ffiridiard et aL. J. Exp. Med. (1993) 178i48»495; Robbins et aL. Cancer Res. fl994V543124- 
3126), MART 1/Melan A rKawakami et al, J. Exp. Med. (1994) W0'347-3SZi, gp 100.. 
(Bakker et aL, /. Exp. Med. (1991) 179dj00&-1009; and Kawafamd et aL, /. bnmunoL (19^ 
154:3961-3968) and MAGE (Gaa ^ et aL, /. Exp. Med.: (1994) 179:921-930). Of ih^, 
5 tyrosinase and MART-1 are nearly iiniversaUy expressed on indanoin^ 
logical choice iEor adoptive immunottierapy. 

I 

In recent years, significant improvements in survival on liie order of several years have 
been noted in, a small percentage of melanoma patients undergoing immunolpgiGal 
10 flterapy. This includes active specific iotimunollierapy with ''cancer vaodne^' as well as 
tiie use of noihspedfic boQster9 of ttie immune system such as cytokines, like TL-Z Or 
inierferonand y-interferon. However, the benefit of cytokines is lessened by side 

effects timt often accompany Iheir use, sudi as, natiisea, a^ 

15 Cjrtofytic T cells (CX)8*) are the main line of defense against viral infectiians. CD8+ 
lymphoc3rtes specifically recognize and kill host cells tiiat are infected by a virus. 
Theoretically^ it should be possible to harness the immune system to combat other types 
of diseases including cancer. However, few in vitro/ex vivo procedmes have been 
available for specifically activating CTLs. The identification of key melanoma antigens 

20 noted above and a method for specific in vitro activation GTLs described below now 
allow testing of the concept of adoptive immunotherapy of metastatic melanoma. 

All naive T cells require two signals for activation to elicit an immune response. For 
CDS* lymphocytes (CTLs), the first signal, which imparts spedfidty, consists of 
25 presentation to tiie CDS* cell of an immtmogenic peptide fragment (epitope) of the 
antigen bound to the Class I MHC (HLA) complex present on the surface of antigenr 
presenting cells (APCs). This complex is recognized specifically by a T cell antigen 
receptor (TCR), which communicates the signal intraodlularly. 
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Binding to liie t csll receptor is necessary but not sufficient to induce T cell activaUoiv 
and usuaUy mil not lead to c»ll proHferation or cytokine secretion. Complete activation 
requites a second co-stimuktoxy signal(s)/ these signals serve to furftier enhance the 
activation cascade. Among the co-stimulatory molecules on antigenrpresentiz^ 
5 and cell adhesion molecules (integrins) sudias ICAM-1 assist in this process by binding 
to .CD28 and LFA-1, respective^, on the T pell. Mien a CDS* cell interacts witti an 
antigen-presenting cell bearing an immunogenic peptide (epitope) bound hy a Class I 
MHC molecule in Ihe presence of appropiate co-stimulatoiy molecule interactions, the 
CDS* ceU becomes a fuUy activated cyto]3rtic T cdL 

10 

Lymphocyte-mediated cell killing involves a sequence of biological events beginning 
with the binding of the CDS* GIL to an antigen-beziring target (tumor) cell by means of 
liie recognition process described above for T cell activatiotL 

15 The interaction between CD8+ cells and antigen-presenting cells or targpt (tumor) cells as 
described above is depicted in Figure 1. The interaction begins with the bindbtig of 
antigen in association with an MHC Qass I molecule on ttie AFC or target cell to Ihe T 
cell antigen receptor (TCR). Accessory molecules such as lymphocyte function antigens 
(LFA-1, LFA-2 and LFA-3), intercellular adhesion molecule 1 QCAM-1), T cell co- 

20 stimulatory factors (CD2, CD28, B7) enhance cell-cell adhesion or transduce additional 
ceU activation signals. 

After oellrcell interactiorv the CTL kills ihe target cell through ttie action of soluble 
qrtolytic mediators (perforin and granzymes stored in cytoplasmic granules in the T cell) 
25 and a CTL surface molecule (Fas ligand). After the cytolytic attack, target cells die by 
necrosis (membrane perforation and organelle destruction) or apotosis (chromatin 
condensation, DIS[A fragmentation and membrane blebfaing). 
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The xnechanisms of lympho(^^ 

Panel A of Figure 2, after binding to the target oeD, cytoplasmic granules in tiie CTL are 
rapidly reoriented toward the target cell for release of granules containing perforin and 
granzymes into the intercellular space. These proteotytic eaazyraes form pores in the 
5 plasma znembrane of the target ceU eventually leading to ceU iiecrosi^ In Panel B, after 
binding to the Iprget cell, the level of Fas tigand expression on the The 
interaction of ligand and the Fas receptor on the target cell leads to apoptosis. 
Proteases sudi as CPF32 and others related to ILrlbrconverting enzyme (ICE) have been 
implicated in the induction of apoptosis. It is possiUe to use naturalty-OGcurrii^ 

10 antigen-presenting cells^ for example^ dendritic cells^ macrophages^ autologous tumor 
cells for in vitro CDS* activation. However, tibe efficiency of activation following tfiis 
approach is low. This is l^ecause the Class I mokcules of native AFCs contain many othe^ 
types of peptide epitopes besides tumor epitopes. Most of the peptides are derived from 
normal innocuous cell proteins, restilting in a dilution of the number of active native 

15 APCs that would actually be effective against a tumor (Allignh et al., Cutr. Op. Immunol 
(1995)7:682-686). 

A more direct and efficient approach to tiiis problem is to specifically activate CDS* cells 
only with those epitopes relevant to combating a specific disease, (sudi as, cancer) or 

20 tumor specific antigens (such as, melanoma-spedfic antigens). To this end, an artificial 
antigen presenting cell is created by expressing MHC Class I molecules in Drosophila 
melanogaster{irvdi&y) cells. Since DrosopWla does not have an immune system, the TAP- 
1,2 peptide transporters involved in loading peptide epitopes onto dass I molecules are 
absent As a lesult, the class I molecules appear on the Drosophila cell surface as empty 

25 vessels. By incubating tiiese transfected Drosophila cells with exogenous peptides that 
bind to tiie class I molecules, such as, cancer or tumor specific epitopes, including but 
limited to, melanoma specific epitopes, it is possible to occupy eveiy dass I molecule with 
the same peptide. High density expression of dass I molecules containing a single 
peptide in tfiese DrosapliSa APCs permit generation of cytotoxic CD8+ T cells in vitro 
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wliich aie completeLy ^>ecific for Ae antigen peptide. Meliiods and procedures for 
preparing DrosojMa oells are taught in US. Patent No. 5^29,921, issued June 25, 1996 
entitled "In Vitro ActioaHon cf Cytotoxic T-CeVs Using btsed Cells Expressing Human Class I 
MHC and fil-MirogkMin^ and VS. Patent No. 5^14313, issued May 24. 1991 entitied 
5 ^^DrosophilaCeUUnesEximssing Genes Enoj^ 

and CajHxbh €f Assembling Empty Complex^ and Me&ods cf Making Said CeU Unesf*. in 
particular, IJS, Patent No. 5^29,921 disdoses at column 26, line 56 to column 28, line 22 
variotLs metlu^ds of separating out and/or emidiing cultures of 

i • 

10 Additionally/ this feature eUndnates tlte need for in vioo stimulation of ttie immune 
system with high doses of various cjrtokines. Thereby resulting in a treatment that fote 
goes the side effects caused by qrtokines. Alternatively under suitable situations^ or 
conditions, where appropriate and where tiie sulject can derive benefitr tiie subject can be 
treated concurrenfly with low level dosages of a interfennv Y-ixiterkxoa, and/or ILr2. 

15 

Eliminating tiie need for m vioo stimulation with cytokines provides an improvement to 
the quality of patient care. Treatment regimes that include the administration of 
cytokines to patients often result in the patient developing flu-like symptoms^ such as 
nausea/ vomiting, and fever. These side reactions are generally not life threatening, 

20 although a particularly severe reaction occurring in a patient who is already in a weaken 
condition could result in a life endangering situatiorL Another consideration is the 
adverse impact such side reactions have on patient acceptance and compliance of an 
Otherwise beneficial treatment regime. Removing the need for in vioo stimulation with 
c3rtokines residts in a treatment regime that improves the comfort of the patient^ and 

25 provides the clinician with an effective method of treatment tiiat his or her patient is 
more likely to comply with. 

The utility of this method for adoptive immunofherapy of tumors has been demonstrated 
in mice using transfected Drosophila cells as APCs and CD8^ cells from the 2C line of T 
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cell leceptor (TCR) transgenic mice. In Ihis system, purified GD8* 2C odls axe hig^y 
responsive to in vitro peptides presented by MHC Oass I (D>)-transfecled DrosojMa oeUs 
also bearing the Go-stixmilatory molecules B7-1 and ICANM. Transfected Drosqphlla 
cells as a probe for defining tiie minimal requirements for stimidatingui^xrimed CD8+ T 
5 cells et aL, ?. N. A S. USA (1996) 93:14736-14741). Altemativdy/ when un- 

separated mouse spleen cells are used as responders in place of purified 2C cells, Ae need 
for co-stixnulatory molecules does not apply. In this instance, tiie CD8* cells in the sfdeen 
population receive '^bystander" co-stimulation from activated B cells, Utilizing tliis 
finding, it has been possible to show that MHC Class I (L4)-transfiected DrosofMa cells aie 
10 able to induce normal DBA/2 mouse spleen cells to respond to syngeneic FS15 
mastoc y toma tumor-spedfic peptides in vitro in the absence of added lympholdnes. 
Injection of these CTLs into DBA/2 mice bearing F815 mastocytoma led to rapid tumor 
regression (Sun e t al.. Inmtumtu (1996) 4555-564). 

15 Procedurally, normal DBA/2 mouse spleen cells were cultured in vitro with MHC Class I 
(Ld)-transfected DrosophUa cells loaded with PlA-35-43 peptide, a tumor-spedfic epitope 
from the DBA/2-derived P815 mastocytoma cell line. Lymphocytes harvested from the 
cultures after five days displayed strong qrtotoxic T lymphocyte (CTL) activity toward 
P815 tumor cells m vitro, but failed to lyse P1Q24, a mutant cell line of P815 that does not 

20 express P1A35-43, as shown in Figure 3, Panel A. When tiiese CTLs were injected into 
DBA/2 mice previously inoculated witii P815 cells three days earlier, the tumors grew 
uniinpeded during the first week, but were subsequentiy eliminated within the next 
week/ as shown in Figure 3/ Panel B. Specificity was demonstrated by Ihe absence of any 
efiect on P815 growth when CYts were immuiuzed in vitro against an irrelevant antigen, 

25 such as, viral nucleoprotein peptide, as shown in Figure 3, Panel B. In summary, major 
histocompatibility complex Qass I (Ld)-transfected Drosopltila cells induced normal 
DBA/2 mouse spleen cells to respond to syngeneic P815 mastoc5rtama tumor-spedfic 
peptides in xntro in tite absence of added lympholdnes. Injection of these CTLs into 
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DBA/2 nuce bearing FnS nuistoc3rtoina QAj^feLet aL, /. 

Etp. Med. (1993) 178rf8M95). 

' "1. 

Human Studies In Vitro 

5 Htunan CTLs from healthjr sul^ects were immunized in vitro against tyrosinase. 
FoUowing primaiy stimulation only with DrosophUa cells, specific lysis of tyrosinase- 
bearing )Y cells was evident at all CTL efEector to JY targ^ ratios tested Tyrosinase- 
spedfic CTLs from healthy subjects weie induced using die full stimulation/re- 
stimulation protocol and tested for their ability to kill the Malme 3M melanoina cell line . 
10 Witii one or two possible exceptions/ specific CTL activity against Malme 3M was 
induced in all donors to a varying extent For the most part, reactivity^ toward contrd 
Malme 3 tumor cdls was minimaL Cdls from melanoma patients were also nnmunized 
in vitro against the tjrrosinase epitope to generate CTLs of similar activity and specificity 
to those derived from healthy volunteers. 

The use of any natural/ or artificial, antigen presenting cell (APC) system to generate 
cytotoxic T lymphoqrtes in vitro is limited by the antigen specificities these systems are 
capable of generating. 

20 The following APC systems have been utilized to generate antigen-spedfic GTL*s to 
single epitopes: 1) human dendritic cells (DC) pulsed with defined peptides; 2) 
peripheral blood mononuclear cells (PBMCs) which have been driven to lymphoblasts 
and pulsed witii peptides; 3) lymphoUastoid oeU lines {IXX) where the natural peptides 
are add-stripped and loaded witii tiie peptides of interest 4) DrosopMla cells engineered 

25 to express empty dass I molecules; and Mouse 3T3 cells transfected with human dass I 
and co-stimulatoiy molecules (J. B. Latoudie and M. Sadelain, Nature Biotech (2000) 
18:40&409). 
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Dendritic cells (DCs) .are considered tfie primaxy antigen presenting oeD system in 
humans because of tiieir wide, application in presenting primary, antigen cells. Self or 
foreign proteins are processed witiiin a DC. The resultant peptide epitopes are presented 
byHIAmolecukS/andare transported to the surfkie of the DC. However, it was found 
5 tiiat DCs would not consisteiitiy generate in mtro, CTLs directed against four different 
peptides. This would have provided CTLs having activity corresponding to each of the 
fourpeptides. In addition, it was also found that the phenotype of IhelXZ at tiietime^^^^ 
peptide puking, mature or inunature, did not effect die outcome. 

10 Alteroativdy/ DrosophOa cell stimulation usually resulted in CTLs directed against up to 
ten different types of pqitides. This provides CTLs tiiat are active to eadi of tiie ten 
peptides. 



' The abiUty of DrasqpUIacdls aiuilXZ to didtCTL respond 

15 single peptide epitope, foUowingIhe standard stimulation protocols for eac^ Inorderto 
compare DCs and transfected DrosophUa cells. Immature DCs were generated hy 
culturing for one week autologous monocytes in tiie presence of IL-4 and GM-GSF. 
Mature DCs were obtained from immature DCs by addition of TNP a to tiie culture 
medium twenty-four hotirs prior to harvesting. DCs (immature and mature) were 

20 harvested, ptilsed witii peptides and mixed with purified CDS cells following tfie 
procedure used for tiie stimulation of CDS cells and peptide-pulsed Drosop/uZa cells. 
DrosophUa cells were found to be generally better stimulators than DC when evaluated for 
tyrosinase peptide epitope 689, as shown in Figure 7. Further, DCs displaying either 
the immatuie or mature phenotype (Figure S) were not as efficient as DrosophUa cells in 

25 elidtuig specific CTL responses when defined peptides were used to pulse the APCs. 
This is particularly surprising, because of the dominant role played by DCs in the 
immune system., A comparison study with one donor was performed, as diown in 
Figure 9, Specific killing was generated against four dififierent peptides when using fly 
cells as stimulators whereas immature DCs resulted in marginal specific killing and 
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zxiatuie DCs resulted in specific killing against cxniy one of the four peptides used for 
stimulation. 

' 1. 

Preparation of Cytotoxic Lymphocytes 
5 CD8t cells isolated from leukapheresis samples by positi\ne selection with anti-CE!8 
antibody are sijtmulated against four different melanoma associated peptides presented 
by Drosophila cells expressing Human Class I molecules (HLA-A2.1)^ 37.1, ICAM-1, LFA- 
3 and E7J2. CD8^ ceils are re-stimulated for two rounds witii autologous monocytes 
loaded with t^ peptide epitope in the presence of ILr2 and IL-7. CTLs are non- 
10 specifically expanded with OKT3 and ILrZ CTL activity is measured against MalmeSM 
cells and purity of CD8^ T cells is assessed by flow cytometry. 

The manufacturing processes and protocols are done according to Good Laboratory 
Practices and Good Manufacturing Ftactioes. "Good Laboratory Practices" and "Good 
15 Manufacturing Practices" are standard^ of laboratory and mariufeicturing practices which 
are set by United States Food and Drug Administration, and are readily kru>wn to those 
of skill in the art. The CTLs are monitored for identity, viability, .CTL activity, sterility, 
and endotoxin content 

20 A listing of peptide epitopes siiitable for use in the metiiods of the present invention to 
treat breast and ovarian cancers are shown in tiie following Table 1. It is readily 
apparent to diose of ordin^ skill in the art that a wide variety of peptide epitopes in 
addition to liiose listed in the following Table 1 will also be suitaUe for use in the 
methods of the present invention to treat breast and ovarian cancers, provided that such 

25 peptides are T cell epitopes. 
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TABLEl 

Identified H]J^-A2d Restricted Epitopes for Tumor Associated Ant%m 
as Targets for Breast and Ovarian Cancers 



Target 


Name 


FRI# 


AKA 


Sequence 


HLA Peptide- 


(residues) 






(SEQIDNO:) 


Binding Prediction 




Her-^nea . . 


789-797 




826 


E90 


CLTSTVQLV 
(SEQIDNO: 7) 








827 


0113 


HLYQGCQW 
(SEQIDNO: 13) 




369^77 




835 


E75 


KIFGSLAFL 
(SEQIDNa8) 


481 


654-662 




837 


GP2 


USAWGIL 
(SEQIDNO: 14) 




650^ 




838 


GPl 


FLTSnSAV 
{SEQIDNO: 15) 




773-782 




861 




VMAGVGSPYV 
(SEQIDNO. 16) 




851^ 




862 


E89 


VLVKSPNHV 
(SEQIDNO 17) 


118 


971-979 




863 


C85 


ELV5EFSRM 
(SEQIDNO: 18) 






AES 


Amino enhancer of liie 
split Notch 










G128-135 




893 


G76 


GPLTPLPV 
(SEQIDN019) 





MUC-l 


l^udn 








950-958 




908 


1.1 


STAFVHNV 
(SEQIDNO:20) 




CEA 


Cardnoembry onic Ag 








571-579 




879 


CAP-l 


YLSGANLNL 
(SEQIDNO: 21) 




FBP 


Folate binding protein 








191-199 




914 


E39 


EIWTHSYKV 
(SEQIDNO: 22) 



C-Lectin 


MESM^RELP 








8-16 




C8 


KMASRSMRL 


CTLActivity 








(SEQIDNO 9) 




77-86 




C77 


SUSLKBASr 


CTLActivi^ 








SEQIDNO 23) 
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Target 
(residues) 


Name 


PRI# 


AKA 


Sequence 
(SEQroNO:) 


HLA Feotide- 
Binding Prediction 


NY-BSO-1 


i 1 1 




894 
906 
913 




SLLMWrrQC 
PEQIDN0:24) 

SLLMWITQV 
pEQIDNO:25) 

QLSLLMWTT 
(SEQIDNO:26) 


native 
modified 



Pec60 


20 


F20 


ALAIAALLW 


CTLActivity 






(SEQIDNOIO) 




25 


P25 


ALLWDBEV 


• CTLActivity 






(SEQIDNO:!!) 





CA-125 


157-165 


900 . 


YLEJTREQV 


38 






(SEQIDNO: 27) 




255-263 


902 


VLLKLREPV 


88 






ID NO: 28) 




337-345 


901 


GLQSPKSPL 


'21 






(SEQIDNa29) 




546^ 


903 


ELYIPSVDL 


5 






ID NO: 30) 




898-906 


899 


KALFAGPPV 


13 






^IDNa31) 




414^ 


910 


FMWGNLTLA 


315 






(SEQIDNO: 32) 





MAGE-3 


271-279 


909 


FLWGPRALV 






fi5EQIDN053) 



Tdomerase 


hTRT 






540-548 
865-873 




907 
911 


ILAKFLHWL 
(5EQIDNO:34) 

RLVDDFLLV 
(SEQIDNO:35) 


G250 


245-262 




912 


HLSTAFARV 
(SEQIDNO: 36) 



The following examples are provided for the purpose of illustrating the present 
inventian^ but do not limit the present invention to the content of the examples. 
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EXAMPLEl 

Manufachxre of Drosophila Antigen-FcesentingGeUs 

The Sdineider S2 cdl line was prepared from Drosophila mehmogaster (Oregon-R) eggs 
acxrording to published procedures and has been deposited with the American Type 
Culture Collection (CRL 10974). 52 cells are grown in commerdai Schneider^s DrosppUZa 
medium supplemented witii 10% fetal bovine serum. 

The pRmHa-3 plasmid vector for expressing MHC Class I and co-stimulatory proteins in 
52 cells was derived from the pRmHa-1 expression vector constructed as described in the 
literature. It contains a metallothionein promoter/ metal response consensus sequences 
and an alcohol dehydrogenase gene bearing a polyadenylation signal isolated from 
Drosophila meJanc^aster. 

Complementary DNAs fbr transiecHon were prepared as fbUaivs : 

HLA-AZl and B-2 microglobulin: Reverse transcriptlon-PCR from K562 cells, 
using primers derived from ttie published sequence 

B7.1: Reverse transcriptionrPCR from K56^ cells using primers derived 

from the published sequence 

ICAM-l: Reverse transcription-PCR from IG62 cells tising primers derived 
from tlie published sequence 

B72: Reverse transcriptiorhPCR from HL-60 cells (ATCX: CCL-240) using 

primers derived from the published sequence 

UA-3: Reverse transcr^on-PCR bom HLr60 cells (ATCC CCL-240) using 

primers derived from the published sequence 
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I* 

CompleEneniaxy DNAs weie individual^ inserted into ihe pRmHei-3 vector. S2 cells 
were transfeded with a mixture of HLA-A2.1, B71 and ICAM-1 plasmid DNAs aiid Ae 

phshneo plasmid using Ihe caldum phosplmte p Stabfy tran^ieded 

' "I. 

cells were selected by culturing in Schneida<s medium containing genetidn. Twenty- 
5 four hours before use, e)qxressian of the transfected g^i^ 

CUSO4. The le:v^ of e^^ression was assessed by flow cy lom e U y using anti-HLA-A2.1> 
anti-B71 and antirlCAM-l antibodies. HLAexpressionby greater than 30% of the cells is 
necessary for efficient mmffv activation of CD8+ lymphocytes. 

10 Isolation ofHttnum CDS* Cells 

CD8* oeIIs.axe isolated from leukapheresis samples by positive selection using the 
D5mabeads'™ isolation procedure (Dynal). An anti-human CDS mouse monodonal 
antibody (50 iig/ml in human gamma globulin [Gaminaigard*]) is added to washed cells 
in Diilbecco's PBS supplemented with 1% human serum albumin (Baxter-Hyland) and 

15 0^% Na dtrate. After incubation at A^C for forty-five minutes witfi gentle mixings tiie 
cells are washed and re-suspended in the same buffer containing Dynal magnetic beads 
(Dynabeads^ coated with sheep anti-mouse IgQ at a bead to cell ratio of 1:1. The cells 
and beads are placed into a sterile tube and g^tiy mixed at 4^C for forty-five minutes. 
At the end of this time, the antibody-botmd ceUs are removed magnetically using tiie 

20 MPC-1® separator according to the manu&cturer's instructions (Dynal). Dissociation of 

the CDS cell-bead complex is adueved by incubation at 37°C for forty-five minutes in tite 
presence of CDS peptidcfe^-To (AAEGLDTQRFSG; SEQ ID NO: 12). Free beads are 
removed magnetically and the CDS cells are counted and eaialyzed by flow cytometry to 
evaluate purity. Recovery of CDS* cells is typically greater than S0%. Table 1 

25 summarizes the cell composition of fourteen separate CDS* preparations from normal 
human P6MC preparations by positive selection with anti-CDS antibody. 
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, TABLE 2 

Purification of CDS* Cells by Fbsitive Sdection Analyzed by Flow Cytemetiy 



CELL TYPE 




PBMC 


POST SELECTION 




Mean % (Range) 


Mean% 


(Range) 


CD8T cells 


15% 


(7-24) 


82% 


(56^ _ 


CD4Tcd]s 


36% 


a4-52) 


2% 


(0.1-10) 


CD14MQn(xyte8 


15% 


(7-26) 


0.8% 


(02-2) 


CD15 Neutrophils 


12% 


(8-21) 


0.6% 


(01-3) 


CD19BcelIs 


2% 


(0,4.7) 


3% 


(0.5^) _ 


CD56NKcens 


6% 


(2-17) 


6% 


(0.1-29) 



5' 

In Vitro Inmiunization of I^irified Hun^ 
Primim/ Stimulation 

Tiaiisfecfed DrosapMla S2 cells are incubated in Sdmeidei<s medium (10^ oeDs/ml) 
supplemented with 10% fetal calf senun and CuS04 at 27^ for Cells 

10 axe harvested, washed and re-suspended in Insect X-press medium (BioWMttaiker) 
containing ICQ ^g/ml htunan t)nx>scnase369^77. Following incubation at 27°C for three 
houis, the S2 cells are mixed with CDS*^ cells at a ratio of 1:10 in RFMI medium (Gibco) 
supplemented with 19% autobgous serum. The cell mixture is incubated for four days 
at 3TC during which the DrosophOa cells die off. On Day five, ILr2 (20 U/ml) and ILr7 

15 (30 U/ml) axe added to selectivdye^qpand the lyrosinase-spedfic C^ 

Re'Stimulation 

Frozen, autologous, CI>8-depleted PBMCs, obtained at the time of leukapheresis, are 
thawed, washed and re-suspended at 10^ cells/ ml in RPMI medium containing 10% 
20 autologous serum (as a source of p2 microglobulin) and 20 ^g/ml tyrosinase369^. 
Following T^irradiation (5,000 rads), ihe cells are incubated at 37*C for two hours. Non- 
adherent cells are removed by washing witii Dulbeoco's PBS. Adherent monoc3rtes are 
loaded with the tyrosinase epitope by incubation for 90 minutes in Hepes-buffered BFMl 
medium containing 10% autologous serum and 10 ^g/ml iyrosinase3fi9^. The 
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supemateuit is removed and the ZM)sopfttZa-acthraled CD6^ cell suspension x IV 
ceUs/ml in RPMI medium with 10% autdogpus serum) is added at a xatip of 10 CD8^ 
cells to 1 adherent monocyte. Afterlliree to four days of culture at ST'QI^^ 
and IL-7 (30 U/ml) are added >vith a medium change to selectively expand the 
5 tyxosixiase^speci£k:CrL population. 

( 

NonspecUic Expansion 

Effector cells are nonrspedfically e)q>anded by culturing fhem in RFMI medium 
supplemented vdth autologous serum, anti-CD3 monoclonal antibody (OKI^), IL-2 and' 
10 y irradiated autologous FBMCs. 

» 

Assays for Activily and Parity 

CTLAssmf 

Malme 3M are used as target cells in a ^Cr release assay. 5 x 10^ Malme 3M cells in 
15 RFNQ medium containing 4% fetal calf serum, 1% HEFES buffer and 0.25% gentamydn 
are labeled at STC for one hour with 0.1 mQ siCr. Cells are washed four times and 
diluted to 10^ cells/ml in RPMI with 10% fetal bovine serum (Hyaone). In a 96-weU 
microtiter plate, 100 \j1 effector CTLs and 100 peptide-loaded, siCr-labeled Mahne 3M 
target cells are combined at ratios of 100:1, 20:1 and 4:1 (effector: target). K562 cells are 
20 added at a ratio of 20:1 (K562:Ma]me 3M) to reduce natural killer cell background lysis, 
Nonrspedfic lysis is assessed using tiie non-tumor HLA-A2.1 fibroblast cell Hne, Malme 
3. Controk to meastire spontaneous rdease arid maximum release of are iiwJtu^ 
duplicate. After incubation at 37°C for six hours, the plates are centrifuged arui the 
supematants counted to measure s^Cr release. 

25 

Percent spedfik: Ijrsis is calculated using the following equatiori: 

q>m sample - cpm spontaneous release x 100 

cpm maximum release - cpm spontaneous release 

30 
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Flaw Cutometru. 

CDS* ceSis, before and after in vitro activation, wexe ana^ for anuxnber oiFoellsui&oe 
markers using fluorescent monodonal antibodies. and FAGS analysis. Results from a 
typical activation protocol using cells from a healthy donor 



TABLE 3 

How Cytometry Analysis of In Vitro Activated CDS* Cells 



MARKER/CELL TYPE 


PRE-ACnVATlbN 


POST-ACTIVATION 




Mean% 


Mean% 


CDSTcdl 


98 


99 


TCRoP T cell receptor 


98 


92 


CD 44 lymph node homing receptor 


91 


99 


CD45KO memory T cdl 


58 


88 


CD45RA 


41 


31 


CD62L HEV homing receptor 


24 


38 


CD56NKceU 1 


1 


11 


CD25 activated T cell ' 


0.1 


29 



bi addition to activity and ptuily, CTL preparationis will be assayed for sterility and 



endotoxin content 



REAGENTS 



REAGENT 


SUPPLIER 


GRADE 


NOTES 


xfaIL-2 


Chiron 


tJSP ^ 


sterile sohition 


rhIL.7 


Genz3ntne 


Research 


ly ophilized, sterile solution 


human tyrosinase sg^st? 




Research 




Dyrabeads®M-450 


Dynal 


GMF 


sheep anti-mouse IgG magnetic . 

beads 


human serum albumin 


Baxter 


USP 


sterile^ non-pyrogenic hepatitis 
virus-jfiree, 25% scdntian 


fetal bovine semm 


Gemini 


Research 


sterile, BSE-> endotoxin:-, 
mycoplasma-free 


Gammagard® 


Baxter 


USP 


sterile, haman immune globulin 
solution for injection 


antirCDS antibody 




Research 


mouse anti-human CDS 
monoclonal antibody 


CDS peptide SMO 




Research 


release erf CDS* cells ton 
magneto beads 


W6/32 


ATOC 


Research 


mouse anti-human HIA-A* B, C 
monodonal antibody 
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CELLLINES 



CELLUNE 


SUPPLIER 


NOTES 


DrosopMaSZ 


ATCX: 


CRL10974 


M3 


UCSD 


N011-HLA-A2.I human meianoina 


MahneS 


ATCC 


Nonnal skin fibroblast from a mdanoma ^ 


MalmeSM 


ATCC 


Metastatic meUmoma from lung (same patient as 
MahneS) 


M14 


UCSD 


HLA-AZl human mdanoma 


K562 


ATCC 


human eiyttm>leukemic cell line; target for NK cdls 


JYcells 


ATCC 


EBV-transformed, human B cell line expressing HLA- 
A21andB7 


P815andPlQ24 

JurkatA2.i "" 


ATCC 
ATCi5" 


DBA/2 mouse mastocytoma oeH lines 

acuteT GeB lenlicemia ttansCected with human HLA- 

A2.1 



ATCC American Type Culture Collection 



EXAMPLE 2 

5 Trial of CZytolrosdcTCdllnfadons Against Nfdra 

Purpose of Trial 

This example teaches the efSectiveness of C3rtotoxic T Cell infusions in the treatment of 
melanoma as assessed accoixUng to file followiiig factora^ 

safety .and tolemtion of re-infused autologous CILs after m xntro 
immuidzatiozv 

kinetics of infused CILs in the systemic circulation factoring in 
limiting dilution analjrsis; 

whole body disposition of CILs by radiosdntography; 
cell composition of biopsied nodules by immunohistology (CILS/ Til, 
NK^B cells); and 

regression of measurable lesions and duration of response over two 
months. 



10 1. 

2. 
3. 

15 4. 

5. 
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Patient Papulations 

Eligitnliiy for treatment required patiecits to have histologically-documented, 
unresectable malignant melanoma that was measuraUe or evaluable, and die HLA-A2 
haplotype. Fjcetreatmoit evaluation induded radiologic evaluation of the biain by MRI 

5 or CT scan, Cn* scanning of the diest and abdomen, and physical examinati^ 

of tiie skin and lymph nodes. The total number of patients treated was fifteen (nine male 
and six female). The ag^s ranged from 33 to 75 years witii an average of 58 years. The 
average duration of metastatic disease was 1.5 years. A pietreatmait skin test to 
determine whether a state of anergy existed was perfonned on 14/15 patients with 5/14 

10 testing negative for all seven of ttie conunon antigens evaluated. Patients were screened 
for the HLA-A2 haplotype by FACS analysis with an HLA-A2 specific monoclonal 
antibody (BB72). Subtj^ping was perfonned by PGR analysis. All, but one of the 
patimts, were HLA-A*0201, tiie exception (patient 08) was HLA-A*0205, 

15 Treatment with Ex Vioo Generated Autologous CTLs 

Fifteen patients were treated under this clinical protocol. All patients received, at least, a 
single infuaon of autologous CTLs. Ihe number of cydes and the dose of oells 
administered to each patient are summarized in Table 1. The number of cells generated 
in vitro was dependent on patient-related factors sudi as tlie numbers of PBMCs isolated 

20 from tiie aphaeresis procedure and the number of CDS* T cells present in each PBNKZ 
preparation. Since all of the cells generated in vitro were re-infused into the donor, doses 
administered to each patient were necessarily varied. In an attempt to normalize the 
doses between patients, a calculated "potency" score was recorded for each dose. The 
value was obtained by multiplying the total number of cells by the lytic activity obtained 

25 with peptide-loaded target cells. Doses of T cells infused ranged from a minimum of . 
4x107 (patient 08) to a maximum of 32x109 (patient 13). Patients were entered into a 
second, third or fourth cyde of treatment based on their dinical status at the end of eadi 
cyde. The number of FBM& obtained from the aphaeresis san^les tended tote 
in patients undergoing additional cycles, espedally if tiie start of the subsequent cyde 
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was dose to the end of the previous one. This is attributed to persistent lymphopenia 
due to ihe IFNa'2b administered during the pieviotts cy^^ The total number of luOve 
CD8^ T ceUs isolated was dependent on its percentage in each of the PBMC preparations. 
Thepen3entofCD8«^Tcdlsyarted between 8% to 31% among the pa Theobtained 
5 expansion factor also contributed to the final oeU numbw 
The procedure for generating CIIjs ex t^o is tEiug^^ 
above. 

UfhRegulation of doss I and MelanomarAssodided Antigens in Response to lFN»2h 
10 Inanattempt to enhance tiie ability of the antigenrspedfic CTLs to lyse melanoma cells m 
vivo, low dose IFNar2b was administered for five consecutive dajrs prior to the GIL 
infuaon, and tiirk^eweeMy for an additional four weeks. One way to measure an mvmo 
response to tfie C3^]dne is to evaluate biopsies obtained at serial time points by 
immunohistodiemical analysis for positive staining with specific antibodies. Serial 
15 biopsies were obtained in one patient with multiple skin lesions (patient 04) for 
evaluation of both class I and antigen expressioiL The biopsies indicated Qass I and 
MART-1 expression were weakly positive prior to any treatment (biopsy A). Following 
five days of subcutan^us injections of lOMU/m^, a dramatic increase in these two 
markers was noted (biopsy B). For tyrosinase and gplOO, immxmohistodiemical staining 
20 was negative to weakly positive^ respectively in the pretreatment samples (biopsy A). 
After the initial five-day EFNa dose, and tiiirteen additional treatments, expression of 
tiiese later antigens was ixuaeasedin the stained tissue samples (biopsy Q. 

Antigenic Specificity of Ex Vjoo-Generaied CTLs 
25 CTLs generated from all patients were evaluated on the day of release against peptide- 
loaded T2 targets, an HLA-A2 melanoma cell line (Malme3M) and an autologous 
melanoma line, if biopsy material was available to establish a line. Each prepared dose 
of cells was evaluated for its C3i]ol3rtic activity. Peptide-loaded T2 cells, presenting either 
eadi peptide alone, or all four peptides simultaneously, were used to determine ibe 



Pag^40 



wo 02/065992 



PCT/US02/05748 



spedfidiy of tfie CTL response generated for each patient The ability to lyse 
endogpnously-expressed/ melanoma-assodated, antigen-beaiing cells was assessed witti 
an HLA-A2 ina1;ched line or an autdogous tumor line, bi addition to cytofytic activity, 
antigenrspedfidty was evaluated with an established mettuxl for detecting intracellular 
5 gainnm interferon production^ inade in response to a spedfic peptide 8 The 
CTI^ generated at llie end of the ex iin;o protoa)l w^ 

percent of cells specific for each of tiie peptides was recorded individually. The total 
number of specific cells in each bulk CDS culture from patient 13 was calculated by 
adding each of iiie peptide specificities detected in tiiat population of T cells. An 
10 increase in tfie total number of specific cells could be detected wilh each successive 
treatment cyd^. 

Detection of CDS and CD4 Cells Infiltrating Tumor Biopsies Post-CTL Therapy 

Biopsy samples horn all patients prior to, during and after treatment would have been 

15 ideal. However, the experimental conditions allowed for biop^ samples frcm only a 
limitednumber of patients. Tumor tissue was obtained from five of the fifteen patients 
enrolled in tiie study. In two patients (patients 08 and 13) biopsy samples were available 
at five and sbcweelcs post T cell tiiempy, respectively. Examination of tiie tissue samples 
revealed Ihe presence of both infiltrating CDS and CD4 cells. One of tiie tumor samples 

20 was taken from a skin lesion in the occipital region of the scalp, which increased in size 
by the time of the follow up examination, four weeks after a second infusion of T cells. 
The biopsy revealed necrosis of tiie tissue that was heavily infiltrated with l3anphocytes. 
The other biopsy was from tiie head of a femur bone, removed during hip replacement 
surgery. The skin lesion from patient OS was strongly positive (4+) for both a general 

25 dass I, and a specific HLA-A2 marker. Tyrosinase and gplOO were weakly positive (1+ 
and 2+, respectively), while MART-1 was negative in this same sample. Regions of tiie 
biopsy firom patient 13 were also necrotic, with more heterogeneous staining; distinct 
populations of tumor cells lacking expression of the HLArA2.1 molecule, and one or 
more of tiie MAAs. However, intact tissue regions revealed strong class I (4+), and all of 
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ihe mdanomanassodated antigens. Tlie lymphocytic infiltmticxns in litis later samide 
appeared to suxrotuidttie tumor nodules iBthe^ However, 
ihe higjhest percentage of cells diiecdy associated wilh tiie tumor were CDS cells. The 
lack of pretreatment biopsy samples from bofli of these patients prevented a coxifirmation 
5 of similar lypes of infiltrating cells in tissue samples piiOT 

CT Scans Post-T Cell Therapy ConRrm an Objective Response 

CTscans were part of die pretieatmentsa?eening criteria and Ihe post treatment follow- 
up examination. Patient 10 xecdved a single infusion ofSxlO^CTLs (7/27/99) fiv^ 

10 after ihe pretreatment scan (6/23/99). When a CI scan of the chest vvas repeated one 
month after tiie infuaon (8/27/99), a dramatic decrease in the size of a lung lesion was 
noted. Similar^/ patient 14 underwent a Chest er scan as pail: of the enrol^^ 
(9/10/99), three and one-half weeks before a first infusion with 6.6x108 cells (10/5/99). 
' A follow-up Cr scan (1/7/99), one month after a second infusion with 115x10* cells, 

15 revealed dramatic shrinkage in three separate lesions. Patient 13 also had an objective 
respmse as measured in pre and post CT scans. Paratracheal adenopathy went bom 
7.8cm2 (pre-study) to 4.4cm2 aft^ cycte I, and disappeared foUowing cyde 

Presence of an Anerpc State Did Not Preclude AhUitu to Generate CTLs or Preoent a ClinicalResponse 
20 Most of the patients treated under this protocol had received previous medical 
intervention. A pretreatment skin test was performed to determine if an anergic response 
to a panel of seven coinmon antig^ correlated with eitiier an inabiUty to generate 
ex vwo, or prevent a documented clinical response. The ability to generate CTLs ex vioo 
did not correlate with the patient's pretreatment skin test results. It shotild be noted that 
25 patients 03 and 04 (both mixed responders) had repeat skin tests prior to the start of the 
second cyde and remained anergic. 
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EXAMPLES 

Generation of HER-20iett Specific CTLs Capab^ 

Cells 

5 We were interested in applying our CTL-generation technology to other tumor types to 
determine if all forms of cancer can be targeted with tfiis approach. HER-2/neu is a 
pioto-oncogne wilii homology to EGFR that is amplified and over-expressed in many 
human cancers^ largely adenocarcinomas of the breast, ovary and colon. It is often 
associated with aggressive disease and can be an indicator of a poor prognosis. It has 
10 been studied in several dinical trials as a possible target for these types of cancers. 

Ln the early 1990's HER-2/neu HLA-A2.1 restricted peptide epitopes were identified 
either by computer-assisted peptide binding algorithms or by mapping CTLs isolated 
from ascites of ovarian cancer patients (Table 3). 

15 

TABLES 

HLA-AU -Restricted HER-S^neu Peptides 



HER-2/neu 
Peptides 


PRI# 


Other 
ID# 


Location 


Sequence 
(SEQIDNO) 


Reference 


48-56 


827 


D113 


EC 


HLYQGCQW 
(SEQIDNai3) 


Di8isetaL.1994 


369^77 


835 


E75 


EC 


KIFGSLAFL 
(SBQIDNaS) 


S^etaL,1995 


650^ 


838 


GPl. 


TM 


PLTSnSAV 
(SEQIDNO: 15) 


S^etaL,1995 


65M62 


837 


GF2 


TM 


DSAWGIL 
(5EQIDNai4) 


Peoples etaL 1995 


773-782 


861 


N/A 


IC 


VMAGVGSPYV 
(SEQIDNO: 16) 


Lustgarten et aL 1997 


78^797 


826 


E90 


ic 


CLTSrVQLV 
(SEQIDNO: 7) 


DisisetaLl994 


851-859 


862 


E89 


IC 


VLVKSPNHV 
(SEQIDNO: 17) 


Di8isetaL.1994 


971-979 


863 


C85 


IC 


ELVSEESRM 
{SBQIDNaiQ ; 


PisketaL.1995 
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All of Ihe peptides weie synfhesized, given an identificaticxn number (FRI#) and 
evaluated for tihe ability to generate CTLs ex vivo utilizing Ae same mefhod we 
employed for melanoma-assodated^ T ceU peptide epitopes. CDS cells weie isolated 
from normal donors to detennine die ability to routinely genemte CTLs ex vivo with 
5 £>7t»opUZa cells loaded witii known CTLpepti^ Peptides 826, 835, 861 and 863 

had the Mghest frequency of GTL generation ( Table 4). 

TABLE 4 

Frequency of HER-^neu CTL Generation in Normal Donors 

10 ' ._ : 



Donor 


826 


827 


835 


837 


838 


861 


862 


863 


m 


+ 




. + 












m 


+ 










+ 




+ 


195 


+ 




+ 






+ 




+ 


m 


+ 




+ 






+ 






m 


+ 


t - 


+ 






+ 




■ + 


198 






+ 




+ 


+ 




+ 


m 






+ 






+ 






212 


+ 




+ 






+ 




+ 


m 


+ 




+ 






+ 




+ 








+ 






+ 






233 


+ 




+ 






+ 




+ 


241 




. + 








+ 






243 




+ 








+ 







While transfected DrosophUa cells have the xmique ability to pxesent up to ten different 
peptide epitopes (Figure 10), we selected the four HER-2 peptides 826, 835, 861 and 863 
due to the frequency of generating CTLs to tiiese peptides ex vivo. These four difisrent 

15 HER-2 peptides represent weak to moderate binders to tfae HLA-A2.1 molecule presented 
on die surface of tlietraiisfectedDrosophtZa cells. We tend to indude A2 binders that are 
weak, as our experience in with melanoma-assodaied pq^des suggests tiiat we^ 
binders generally generate potent CTLs which recognize tumor cells, if indeed they 
represent native T cell epitopes. The majority of the tumor-^issodated proteins tiiat we 

20 target are self-antigens and as such would be expected to have tlie hi^ affinity for tiie 
dass I molecule that is seen witii viral peptides. The low to moderate binders generally 
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genemteCTLstiuittyseliie tumor celk^^^ Thisi was demonstraled with the 

MART-1 peptide which is a low a£Biuty binder on tiie Drosophila cells (Figcoe 3), yet 
represents an epitope tihat routinely generate potent CTLs capable of lysing botihi peptide- 
loaded target cells (12), or moxe importantly, melanoma cells (MabneSM) (Figure 12). 

HER-2/neu is a. member of tbe EGF-R family and functions as a growth &ctor receptor. 
HER-2 protein is expressed during fetal development in humans. In adults, the protein 
is weakly detectable in epithelial cells of many normal tissues. In normal cells the HER- 
2 gene is present as a single copy. Amplification of the gene and/or ove]ve)qnessiQn of 
the associated protein has been identified in many human cancsers induding breast; 
ovariarv utisrine, stomacfa and adenocarcinoma of the lung. Sequence difiierences 
between HER-2 and EGB-R receptor are noted in Table 5. Three of the four HER-2 
p^tides we have evaluated have three or more amino adds changes between the two 
proteins. A sin^ amino add diange is suffident to discriminate between the two 
proteins. 



TABLES 
HER-Sykieu Versus EGF-R 



PROTEIN 


PEPTIDE* 


SEQUENCE 
(SEQIDNO) 


# CHANGES 


HER-2/neu 
EGFR 




KWGSLAFL 

SISGDLHH 
(SEQIDNaaT) 


5 


HER-2/neu 
&GFR 


861 


VMAGVGSPYV 
(SBQIDNO:16) 

VAASVDNFHV 
(SBQIDNQSS) 


5 


HER- Vneu 
EGFR 


863 


ELV5EFSRM 
(SBQIDNQIB) 

EUIEFSKM 
(SEQIDNO. 39) 


3 


HER-2/x»ea 
EGFR 


826 


CLTSTVQLV 
(SBQIDNQT) 

CLTSTVQU 
CSEQIDNO:40) 


1 


HER-Vnen 
EGFR 


689^ 


RLLQBIELV 

RLLQERELV 
(SEQIDNQ42) 


1 
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Once Ihe CTLs have been generated after the fbtir-week ex vnro atimulatioii protocol > we 
evaluated whether peptide specific cells wexe present using HLA-A2.1 tetcameric 
moletniles preipaxed with the immunizing pq>tides. As demonstrated in Figuxe 13/ title 
aUlity to generate peptide-spedficC^ InPand A(don(»r 261V 

5 the donor made a strong CIL response to peptide 835 (37.%%). In Ftod B (donor 262), 
peptide-spedfic CTLs can be detected with both the 835 and 861 tetcameric molecules 
^.6% and 15.1%, respectively). This supports the use of multiple peptides to guarantee 
peptide-spedfic CTI^ at tiie end of the stimulation protocol This ex vnn) protocol allows 
one to generate mulfiple-spedfic CTLs rektively easil 

Antj-Peptide and Anti-Iiimor Responses 

After the completion of the full ex vivo protocol, the CTLs g^terated were evaluated for 
antigen-spedfidty. To generate the CTLs, on Day 0 DrosophUa cells were loaded with a 
combination of the four HER-2 peptides. At the end of the foiuvweek ex mz;o stimulation 
protocol, the bulk CDS culture was evaluated for antigeiwpedfidty. T2 cells loaded 
with eadi of the immimizing peptides were used as target cells. In Figtire 14, a typical 
lesponse is depicted. The bulk culture contains specificity for eadi of the four HER-2 
peptides. The anti-ti^or response was assessed on an ovarian tumor cell line (ATCC; 
HTB-TT). When a target cell line is not HLA-A2.1-restricted, we transfected the cell line to 
have a +/- assay system. When HLA-A2.1 was transfected into the HTB-TZ line, an 
enhanced killing by CDS effector cells was noted (Figure 15, Panels A to D). HER-2 
specific efiectors/ representing the individtial peptides were evaluated to confirm ttie 
presentation of each of the peptide epitopes on tlus tumor oeU line. 

25 A breast adenocarcinoma cell line (ATCC; HTB-lSl), transfected with HLA-A2.1 was also 
evaluated for the ability to demonstrate tumor lysis with the HER-2 specific peptide 
efectors. CTLs .specific for peptide 861 could lysis this tumor ceU line when tian^^ 
with HLA-A2.1 (Figure 16). 
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IFNvTreatment Required.fijr Tumor CeU Lysfe 

The HTB-77/A2.1 cell line requiies a pretteaiment with JFNy to demonstiate peptide- 
spedfic lysis. The cells wexe treated mthSOOU/ixd of JF^ 

for twenty-four houzs prior to the initiation of fte sd>ielease assay. In Figure 17, the 
5 addition of tfielFI^ resulted in enhanced lysis of the HIA-A21t^^ To 
determine tlie effect of this dose of IFNg on the surface e>q)ressionof both HLA-A21 and 
HER-2, a FACS analysis was performed to determine the levels of these molecules ahex 
holh twenty-four and forty-eig^t hours of induction. Figure 18/ Panels A and B depict 
the FACS analysis results. InPanel A, there was no enhancement of the HER-2 molecule 

10 on the surface of tlie HTB-T? cells at twenty-four and f orty-ei^ hours after induction 
witti IFNg. In the HLA-A2.1 transfected ceUs, neittier HER-2 nor HLA-A2.i 
demonstrated an increase in surface level of expression after a similar treatment protocol. 
What was noted was an increase in the level of TAP-1 expression, as well as HLA-DM 
' and -DR, Cathepsin S and D and Caspase 5/ when the mRNA levels were evaluated by 

15 micrdarxaryDNA chip analysis (Figure 19). This would explain why tiieie is an enhance 
killing of the HTB-77/A2.1 cells in the presence of IFNy. An up-regulation of tius 
particular molecule would result in more efficient processing of the HER-2 molecule/ 
aUowirig better preser^tation of the peptides of interest 

20 Peptides 

Synthetic peptides were made by standard Fmoc chemistry using a peptide syntiiesizer 
(Gilson Company, Inc.) All peptides were purified to >95% purity by reverse-phase 
HPLC on a C-8 column. Purity and identity were established using a mass spectrometer 
with electrospray ionization. Mdanoma-assodated peptides included: peptide 819 was 
25 MART-1 specific (AAGIGILTV SEQ ID NO:6), 817 and 853 were botii gplOO peptides 
(ITIX2WFSV SEQ ID NO:4 and iCrWGQYWQV SEQ ro N05, resp^ 
specific peptides .were 689 and 792, with 792 representing Ote post translational modified 
version (YMIXHMSQV SEQ ID NO:2) of tiie native sequence (YMNGTMSQV SEQ ED 
NO:l) represented by peptide 689. Peptides 826 { CLTSTVQLV SEQ ID NO:7) and 835 
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(KIFC35LAFL SEQ ID NO:8) repiesented HER-2/neu sequences iErom ttie intraceUular and 
extracdlukrdotnains/ respectively Pec6Q2o(ALALAALLWSEQID 
NQIO) Pec6(^ (AIXVVDKEV SEQ ID NQll) \vere overkppi^ 
mtu±iotis protein detected in ovarian tumor C-Iectin also was a protein (fete^ 

5 in ovarian tumor oeU lines ax^ a peptide ftom its sequence 
Ba4ASRSMRL SEQ ID NO A 

In Vitro Cvtotoxidtv Assay 

Standard siCr-rdease assays were performed to determine CTL efiector cell recognition 
10 of melanoma-associated peptide epitopes loaded onto T2 cells. Harvest 3x106 T2 cells 
were grown in RPMI +10% FBS (media). ClmQ of ^Cx was added and incubated at 37°C 
in a water bath. Labeled cells were added to IQml of 4% wash (RFMI + 4% FBS) and 
pellet washed two additional times, and re-suspended in media to a final concentratidn 
of OJ2xl06/mL to record radioactivity of spontaneous versus detergent lysed ceils, the 
15 cells were ptdsed with tfie appropriate peptide(s) at 20^g/mL for thiriy minutes. 50pL 
was added to each 96-wen plate each containing CDS effiector cells at 10, 2, OA, and 0.08 x 
10^/mIv which was incubated at 37°C for six hours, spun and harvested for supernatant 

Flow Cytometry and Tetramer Stainins 

20 The cells were labeled with FirC- or PE conjugated monoclonal antibodies by incubation 
at 4°C for 30 minutes in FACS bufifer (1% BSA, 0.02% NaNs in PBS), followed by a wadi 
in the same bufiier. Cells were fixed in 0.5% formaldehyde prior to data acquisition and 
analysis on a FACScan flow cytometer (Becton Dickinson) with its CellQuest software. 
Nonspecific staining was measured with die same secondary antibody used to label 

25 purified primary antibodies, or an isotype-matdied control wlien ttie primary antibodies 
were directiy labeled. Tetrameric staining was perfonned with HLA-A2.1 specific 
ISNgag tetrameric molecules (Bedcman Coulter) harboring the sequence SLYVTVATL 
SEQ ID NO:43 as a negative contioL H&R-2 specific tetramers were made with the 
sequences CLTSTVQLV (826 SEQ ID NO:7), KIFGSLAFL (835 SEQ ID NO:8), or 



♦ 
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VMAGVGISPW (861 SpSQ ID NO:16) peptides. PE-labeledtetramericHlA-All^^^^ 
complexes were used in con|tmction with fluoresGein isollucyaiite (FrrC)*labeIed anti- 
human CDSa (BD FharMagin) monodonal antibodies to stain epitope-spedfic CD8^ T 
cells as described in package insert Samples were analyzed by two-color flow cjiometry 
on a Becton Disckenson FACScan, and gated CD&4- T cells vyere examined for staining 
with tetrameric HIA-A2.i-peptide complexes. 

EXAMPLE 4 

Generation of Additional Breast and Ovarian Specific CTLs witii 
This Ex Vivo Stimulation Ftotocol 

We have demonstrated the ability to generate CTL responses to all known HLA-A2.1- 
restricted peptide epitopes for several tumor antigens of different tumor origins. Our 
initial studies focused on melanoma \^here we were able to demonstrate objective clinical 
responses in patients treated with CTLs specific for four different peptide epitopes 
specific for the MART-1/ gplOO and tjrrosinase metanoma-assodated proteins [Ridiards et 
aL, Atmr. Soc. Clin. Oncol, San Frandsco, CaUfonda (2001^ May)]. 

To extend tiie ability fo raise CTLs to other tumor antigens present in a mde variety of 
other cancers we have selected publidied and novel sequences to tumor antigens 
common to several different tumor types. These include AES, MUOl, CEA, FBP, C- 
Lectirv^^y-ESal,Pec60,CA-125,^dAG&^, telomere Table 7 describes tiiese 

antigens, the frequency of expression and the cancers, which express tiiem. The 
frequency of response to tliese peptides with our ex vivo stimulation protocol is listed in 
Tables. 
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TABLE6 

Frequenq^ of Response to Breast and Ovarian P^tide Epitopes in Normal Donors 



Donor 


879 


893 


■894 


899 


900 


901 


902 


903 


906 


907 


908 


909 


910 


911 . 


912 


919 


914 


248 
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+ 
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TABLE 6 
Tumor Antigen Descriptions 



Antigen 


Description 


CA-125 


Cancer Antigen 125 is an epithelial cell marker expressed by ovarian tumors and 
some ovarian cell lines. About 85% of ovarian cancer patients have an increased 
serum CA125 and is therefore commonly used as a serum tumor marker. 
(Cancer Letters a999, Oct) 14S( 1-2) pg. 133-141 ) 


MUC-1 


Mucin is a transmembrane glycoprotein expressed on both normal and malignant 
epithielium. The underglycosylated form of MUC-1 over-expressed on the cell 
surface of many human adenocarcinomas such as lAeast and ovarian cancer^ as well 
as hematological malignancies including multiple myeloma and 6-ceIl lymphoma^ 
(Plood a999, June) 93(12) pg. 4309-431 7) 


G250 


A renal cell carcinoma associated antigen expressed in 85% of RCCs but not normal 
kidney tissue. It is identical to the tumor-assodated antigen MN/CAIX which is 
expressed in about 50% of invasive breast cancers. 
(Qmcer Researdi fl999, NaD.);59(Zl) Pi?. 5554r5S59) 


FBP 


Folate binding protein is a receptor involved in folate transport It is over-expressed 
in over 90% of ovarian tumors and 20-50% of breast cancers. 
(AnUamcer Research a999 Jul-Aug) 19(4B) pg. 2907-2916) 



I 
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Antigen 


Description 


HER-2/neu 


A proto-oncogene (HER-2) encoding a transmemlnrane protein similar in sequence 
and structure to EGF-R. HER-2/neu is over-expressed as much as 200 fold over 
normal tissues in breast and ovarian tumors. It has also been identified in renal cell 
and lung caidnomas. 

(J. Exp Med.(1995, June)Vol ISl, pg. 2109-2117) 


NY-ESO-1 


A cancer-testes antigen found in 30% of breast prostate and ovarian cancers , lung 
cancer, bladder cancer, head and neck cancer and melanoma. Patients who have 
cancers witii tumors expressing this antigen usually have drculating antibodies 
against it as well. 

(J.Imtnunology(2000)voll65pz9i&-955) 


CEA 


Cardnoembiyonic antigen is a tumor-assodated antigen, frequently expressed in 
epithelial tumors (colon, breast; lung). CEA levels in the serum cazi correlate vnBx 
disease stage and is used to monitor treatment and reoccurrence of disease. 
{Human Immunology (1998) vol 59 pg, 1-14) 


MAQB-3 


A cancer-testis antigen expressed on 70 - 80% of metastatic melanoma lesions and 
cell lines. It is a member of the family of melanoma associated or MAGE proteins. 
In addition, MAGE-3 has been found in 20-60% of epittielial tumors (colon, breast 
hmg, gastric carcinomas). 
(Humanlmmunolog]/ (1998) vol 59 pg. 1-14) 


A£S 


The amino enhancer of split protein is part of a set of transcriptional repressors 
encoded by the Enhancer of split genes. This tumor antigen was identified in 
tumor-assodated l3anphoc)rtes of ovarian and breast tumors. 
(Molecular Immwtology (1998) S5(17)pg. 1121-1133) 


HTR 


Telomer ase(hTR) is a specialized type of reverse transcriptase (hTRT or hTERT) that 
catalyzes the S3mthesi5 and extension of telomeric DNA. The activi^ of tiiis enzyme 
is elevated in about 90% of all human tumors induding cancers of the breast 
thyroid, bladder, cervix; prostata colon, pancreas and stomach. 
{Cancer Research (2001, Dec) 61(23)pg, 8366^70) 
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WHAT IS CLAIMED: 

1. A inethod few treating a subject wiA 

a. preparing a ncm-naturally occurring axitigpnrpresenting cell 
line(nnAPC), wherein said nnAGC is capable of p 

5 . about fifteen difCetent peptide molecules associated witti said 

cancer simultaneously wherein said peptide molecules are each 

about six to twelve amino adds in length, 

b. harvesting CD8^ cells from said sulsject or a suitable donor; 
c « stimulating said CDS^ cells withsaidxmAFCcellline; 

20 d. adding said CE)8^ cells to media that contains a cytokine selected 

■ ^ from the group consisting of IL-2; IL-7 or conditioned growtti 
medium (CGM), wherein said cytokines can be used iii^ 
orinoomlrination; 

e. mixing unsuspended peripheral blood monocytes, or CD-8 
15 depleted peripheral blood monocytes collected from said subject 

or a suitaUe donor with about 1 to 50^ig/ml of one of said 
peptides tihat said nnAFC can simullarteously present; 

f. irradiating said peripheral blood monocyte suspension with a 
sufficient dose of T^radiation necessary to sterilize all components 

20 in iitesiispension^ except the desired peripheral blood monocytes; 

g. isolating adherent peripheral blood monocytes; 

h. loading said adherent peripheral blood monocytes wifli about 
lug/ml to 50^g/ml of said each peptide; 

i. combining said CD8+ cells with said adherent peripheral blood 
25 monoc3rtes at a mtio of about ten CDS* cells to one peripheral 

blood monocjrte; and 
j. inoculating said subject with CDS* siispension. 
2, The metiiod of daim 1 wherein said nnAPC is capable of presenting up to about 
ten peptide molecules. 
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3. The mettiod of daim 1 v\^herem said peptide molecules are about to ten 
amino acids in length 

4. The method of daim 1 %^dierein said peptide molecules are in a conoentiation 
range of about IQnM to IOOijM. 

5. The method of daim 1 wherein said (ytoldne component is nj-2. 

6. The metiiod of daim 1 wherein said cjrtokine component is ILr2 and JLr7 in 
combination 

7. The metiiod of daim 1 wherein the dose of T^mdiation is about 3,000 to 7^ rac^^ 

8. The method of daim 1 wherein the dose of Y-radiatioh is about 5/)00rads. 

9. A method for treating a subject with cancer comprising, 

a. preparing a non-naturally occurring antigenrpresenting cell 
line(nnAPC), wherein said xmAFC is capable of presenting up to . 
about fifteen difierent peptide molecules associated with said 
cancer simultaneously; 

b. harvesting CD8+ cells from said sub^; 

c. stimulating said Cl^S^cdk with said nnAPC cell line for about six 
to seven days; 

d. stimulating said CD8^ cells with ILr2 and ILr7 in media; 

e. mixing peripheral blood monoc3rtes collected from said subject 
, with about 20^g/mI of each peptide; 

f. irradiating said CD&Kiepleted perifdieral bipod monocyte 
suspension with about 5,000 rads of y-radiatioiv 
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g. isolating adheient peripiheral blood monocytes; 

h. loading said adherent peiqpheiral blood monocytes witti about 
lug/ml to 50ug/ml of said epitope; 

i combining said CD8^ cells with said adheient perii^ieral blood 
monocytes at a mtio of about ten CD8+ cells to one peripheral 
blood monocyte; 

j. stimulating said combined suspension of CDS+ cells and . 

per^heral blood monocjrtes for about six to seven days; 
k. . stimulating said suspension of CD8^ cells and peri|dieial blood 

monocjrtes wilh IL-2 and ILr7 in mediev 
L assaying CJUB* suspension for suitable CTL activity/ purity, 

sterility and endotoxin content; and 
nu inocukting said subject with CDS* suspension. 

10. The mettiod of daim 9 wherein each peptide is about eight to ten amino adds in 
length. 

11. A method for treating a subject with melandmacompri^gr 

a. preparing a non-naturally occurring antig^presenting cell 
line(nnAPQ, wherein said nnAPC is capable of presenting up to 
about fifteen di£6erent peptide molecules associated with said 
melanoma simultaneously where each peptide is eig^t to ten 
amino adds in length; 

b. harvesting CDS* cells from said subject; 

c stimulating said CDS* cells with said nnAPC cell line for about six 
to seven days; 

d. stimulating said CDS* cells with ILr2 and ILr7 in media; 

e. mixing peripheral blood monocytes collected from said subject 
with about 20)ig/ml of each peptide said nnAPC can present; 
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f. irradiating said CD8-depIeted peripheral blood monocjrte 
suspeiisionvathaboutS/OOO radsof Irradiation; 

g. isolating adherent peripheral blood monocytes; 

h. loading said adheient perqsheral blood monoc3rtes with about 
lug/ml to SOug/ml of said epitope; 

i. combining said CD8^ cells vnUx said adherent peripheral blood 
monoqrtes at a ratio of about ten CD8+ cells to one peripheral 
blood monocyte; 

j. stimulating said combined suspension of CDS'*' odis and 
peripheral blood monocytes for about six to seven da^^ 

k. stimulating said suspension of CDS* cells and periplieral blood 
monocytes wifti ILr2 and IL-7 in media; 

1. assaying CDS* suspension for suitable CTL activity/ purity, 
sterility and endotoxin content; and 

m. inoculating said subject with CDS* suspension. 

12. The method of daim 11 wherein said nnAFC present ten peptides. 

13. The method of daim 12 wherein said peptides are T)nx)8inase369-377, Tyroanasear- 
216, gplOQzo^az, gpl00x54.i6^ MART-l27«, HER-2/neu78!W97, HER-2/neu36M77, C-lectins- 
16, Peo602iw9, and Pec6025^. 

14. A non-naturally occurring antigen-presenting cell (nnAPQ derived from 
DrosopkUa mehmogaster cells transfected witii nudeic add that expresses human 
class I HLA molecules, binding molecules, and co-stimulatory molecules, wherein 
said nnAFC is capable of presenting up to fifteen different peptide molecules that 
are encoded by said nudeic add simultaneously. 
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15. The nonrnaturalty occurring antigenrpreseniing cell iinAPC of claim 14 wherein 
said nnAFC is capable of presenting up to ten different peptide molecules 
simultaneously. 

5 16. The noiv-naturally occurring antigen-presenting cell nnAPC of claim 15 wherein 
said nis^AFC is presents the following ten peptide molecules simultaneously, 
Tyrosinase36W77, Tyrosinase207.a6, gplOQ2owi7, gpl00i54-i6Z. MART-laz-as^ HER- 
2/neu789u797, HER-2/iieu369^, C4ectin8-i6,Pec6Q2D^, an^ 

10 17. A metiiod for manufacturing noiv-naturally occurring antigenrpresenting cell 
(miAFQ capabte of presenting up fifteen peptide molecules simu^ 
metiiod comprisihg of the step, 

a. preparing a insect ceU line from DrosopfaTflmeIam3|jasfereg^^ 

b. growing said insect cells a media that is suitable for growinginsect 
15 cdls, preferably Schneider™s DrosopWlfl Mediuin; 

c making a pRxnHa-S pksmid from a pRmHa-l expression vector, 
where said pRmHa-3 plasmid includes a metallothionein 
promoter, metal response .consensus sequences and an alcohol 
dehydrogenase gene bearing a polyadenylation signal isolated; 
20 komDrosophilatnelanogaster, 

d. inserting into said pRmHa-^ plasmid complementary DNA for 
human class I HLA A2,l, B71, B72, ICAM-1, p-2 microglobulin 
and IJFA-^, wherem A2.1 can be substituted with any huriian dass 
I DNA sequence; 

25 e transfecting said insect cells witia a phshneo plasmid and said 

pRmHa-3 plasmid containing complementary DMA; 
f . creating nnAPC by contacting said insect cells with CuSQa to 
induce expression of the transfected genes in said insect cells. 
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18. The method of daim 17 wherein said nnAFC is capabk of presenting up to ten 
peptides. 

"I ' 

19. The method of daim 17 wherein said in^ cell line is prepared by growing cells 
for twelve days, selecting desiied cells with peptides that axe capable of 
identifying said desiied cells, and expanding said desired cells with pKI3 and IL- 
2. 

20. The method of daim 19 wherein said peptides capable of identifying said desired 
cells axe tetramers. 

I 

t 

21. The mettiod of daim 1 wherein said peptide molecules of step (a) are selected 
from tiie peptides having an amino add sequence set forth in SEQ ID NO: 1 
ffarough42. . 

22. The method of daim 9 wherein said peptide molecules of step (a) are selected 
from the peptides having an amino add sequence set forth in SEQ ID NO: 1 
througih42. 

23. The method of daim 17 wherein said peptide molecules of step (a) are sdected 
from the peptides having an amino add sequence set forth in SEQ ID NO: 1 
fhroug;h42. 
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SEQUENCE LISTING . 

<110> Mori arty, Ann 
Leturcq, bidier 
Degraw, Juli ' 
Helskala, Marja 
Peterson, Per 
Jackson, Michael 

<120> A CELL THERAPY METHOD FOR THE TREATMENT OF TUMORS 
<130> ORT-1557 

I . 

<160> 42 

<170> Patentin version 3.1 

<210> 1 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> i 

Tyr Met Asn Gly Thr Met Ser Gin Val 

<210> 2 

<211> 9 

<212> PRT 

<213> Homo sapiens 



<400> 2 

Tyr Met Asp Gly Thr Met ser Gln val 
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1 5 

<210> 3 ' 

<2U> 10 

<212> PRT 

<213> Homo sapiens 



<400> 3 

Phe Leu Pro Trp His Arg Leu Phe Leu Leu 
1 5 10 



<210> 4 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 4 

lie Asp Thr Gin val Pro Phe Ser val 
i 5 

<210> 5 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 5 

Lys Thr Trp Gly Gin Tyr Trp Gin val 
<210> 6 

<211> 8 , 

<212> PRT 

<213> Homo sapiens 

<400> 6 

Page 2 
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0RTlSS7SeqLst.txt 

Ala Ala Gly He Gly Leu Thr val 

<210> 7 

<211> 9 

<212> PRT ' 

<213> Homo sapiens 

<400> 7 

CVS Leu Thr Ser Thr val Gin Leu Val 
1 5 

<210> 8 

<211> 9 

<212> PRT 

<213> Honio sapiens 

<400> 8 

Lys He Phe Gly ser Leu Ala Phe Leu 
1 5 

<210> 9 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 9 

Lys Met Ala ser Arg ser Met Arg Leu 
1 5 

<210> 10 

<211> 10 

<212> PRT 

<213> Homo sapiens 

<400> 10 
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0RTlSS7SeqLSt.txt 

Ala Leu Ala Leu Ala Ala Leu Leu val val 
1 5 10 

<210> 11 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<4oo> n 

Ala Leu Leu val va1 Asp Arg Glu val 

<210> 12 

<211> 12 

<212> PRT 

<213> Homo sapiens ' 

<400> 12 . 

Ala Ala Glu Gly Leu Asp Thr Gin Arg Phe Ser Gly 
15 10 

<210> 13 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 13 

His Leu lyr Gin Gly cys Gin val val 

1 , 5 

<21Q> 14 . 

<211> 9 . 

<212> PRT 

<213> Homo sapiens 
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<400> 14 



I 

I 

ORTl557SeqLst.txt 



lie He ser Ala Va1 Va1 Gly i1e Leu 
1 5 



<210> 15 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 15 

Pro Leu Thr ser i1e i1e ser Ala va1 

1 5 ' 

<210> 16 

<211> 10 ' ' 

<212> PRT 

<213> Homo sapiens . 

<400> 16 

Val Met Ala Gly val Gly Ser Pro Tyr Val 
1 5 10 

<210> 17 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 17 

val Leu va1 Lys Ser Pro Asn His va1 
1 S 

<210> 18 

<211> 9 

<212> PRT 

<213> Homo sapiens 
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ORTl557SeqLst.txt 

<460> 18 

Glu Leu val ser Glu Phe ser Arg Met 
1 . 5 

<210> 19 

<211> 8 

<212> PRT 

<213> Homo sapiens 

<400> 19 

Gly pro Leu Thr Pro ileii Pro Val 
1 5 

<210> 20 ' . 

<211> 8 

<212> PRT 

<213> Homo sapiens 

<400> 20 

ser Thr Ala Pro val His Asn Val 
1 5 

<210> 21 

<211> 9 

<212> PRT 

<213> Homo sapiens 



<400> 21 

Tyr Leu ser Gly Ala Asn Leu Asn Leu 

<210> 22 

<211> 9 

<212> PRT 

<213> Homo sapiens . 
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<400> 22 

Glu lie Trp Thr His ser Tyr Lys val 

<210> 23 

<211> 10 

<212> PRT 

<213> Homo sapiens 

<400> 23 

Ser lie Leu ser Leu Lys Glu Ala ser Thr 
1 5 10 

<210> 24 

<2ia> 9 

I 

<212> PRT 

<213> Homo sapiens 
<400> 24 

ser Leu Leu Met Trp lie Thr Gin cys 
1 5 

<210> 25 

<211> 9 

<212> PRT 

<213> Horoo sapiens 

<40Q> 25 

ser Leu Leu Met Trp lie Thr Gin val 
1 5 

<21Q> 26 

<211> 9 

<212> PRT 

<213> Homo sapiens 
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I 

I 

ORTl557SeqLst.txt 

<400> 26 

Gln Leu ser Leii Leu Met .Trp lie Thr 
1.5 

<210> 27 

<211> 9 

<212> PRT ' 

<213> Homo sapiens 

<400> 27 

lyr Leu Glu Thr Phe Arg Glu Gin val 

1 5 » 

<210> 28 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 28 

val Leu Leu Lys Leu Arg Arg Pro val 

<210> 29 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 29 

Gly Leu Gin Ser Pro Lys ser Pro Leu 
1 5 

<210> 30 
<211> 9 

<212> PRT , 
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ORTl557SeqLst.txt 



<213> Homo 



<400> 30 



Glu Leu Tyr 



lie Pro ser Va1 Asp Leu 
5 



<210> 31 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 31 

Lys Ala Leu Phe Ala Gly Pro Pro Va1 

<210> 32 



<211> 9 

<212> PRT 

<213> Homo sapiens 

<40Q> 32 

Phe Met Trp Gly Asn Leu Thr Leu Ala 

<210> 33 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 33 

Phe Leu Trp Gly Pro Arg Ala Leu Val 

1 5 ' 

<210> 34 

<2ia> 9 

<212> PRT 
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<213> Homo sapliens 
<400> 34 

lie Leu Ala Lys Phe Leu His Trp Leu 
<210> 35 

<211> 9 ' 

<212> PRT 

<213> Hon» sapiens 

<400> 35 

Arg Leu Va1 Asp Asp Phe Leu Leu Val 
i 5 

<210> 36 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 36 

His Leu Ser Thr Ala Ph6 Ala Arg Val 
1 5 

<210> 37 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 37 

Ser He ser Gly Asp Leu His He He 
1 5 . 

<210> 38 

<211> 10 , 
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<400> 38 

val Ala Ala ser va1 Asp Asn Pro His Va1 
15 10 

39 . 

9 • 
PRT 

Homo sapiens 
<400> 39 

Glu Leu lie He Glu Phe ser Lys Met 

,1 5 

<210> 40 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 40 

Arg Leu Leu Glii Glu Thr Glu Leu Val 
15 

<210> 41 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 41 

Arg Leu Leu Gin Glu Thr Glu Leu val 
15 

<210> 42 
<211> 9 
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<212> PRT 

<213> Homo sapiens 
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ORTl5S7seqLst.txt 

<i212> PRT 

<213> Homo sapiens 



<400> 42 

Arg Leu Leu Gln Glu Arg Glu Leu Val 
1 5 
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